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THE SEVENTIES

58. An Overview. The 1970s was a tumultuous decade

for the computer industry:
New technologies--monolithic semiconductors and very large
scale integration, lasers, new magnetic recording techniques,
advanced communications technologies and others--swept the

industry.

Price cutting, new terms and conditions and new, cheaper
products, with greater performance were announced in &
"river ¢f new product announcements", as one observer said.

(DX 12265, p. 8.)

The meanings given to the term "minicomputer™ in the 1960s
disappeared as these products--called variously "minis",
"maxis", "super minis"--were brought out with power and
function equal to "mainframes”", on a one-for-one basis and

in groups or networks. (See pp. 1145-88 below.)

New types of components, products, software and systems were
brought to market--microprocessors, "floppy" disks, ROMS,
PROMS, mass storage devices, high-speed non-impact printers,
"intelligent" terminals, distributqd data processing and
network processing capabilities--all of which taken together

revolutionized the alternatives available to computer users.

Exits, consolidations or redirections by a few of the mcst
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prominent computer suppliers of the 1950s and 1960s bécurred,
such as by General Electric and RCA, and by a number of manu-
facturers of §lug-compatible core memory who never made the

shift to plug-compatible semiconductor memory. (See Andreini,
Tr. 48581-85; DX 12135, pp. 29-31; for the GE and RCA stories,

see pp. 488-618 above.)

Entry and expansion of newer competitors--many of whom
didn't exist until 1969 or later--proceeded to the point
where they became large, resourceful competitors that IBM
and other long-established rivals had to reckon with and
take into account in their development, product and pricing

strategies.

What has emerged from the seventies is an industry no
one could have imagined or did foresee in the 1950s. Significantly,
thers are more procducts, more alternatives, more computing capabili-
ty and competing suppliers in numbers more vast than were conceived.
And the industry as a whole, rather than producing a handful of
machines to a handful of users, was, by 1979, an industry whose top
100 suppliers were, by some estimates, generating over 45 billion

dollars in revenues worldwide. (DX 13945.)*

* Datamation, a widely read trade periodical, has for several
years puplished the results of its surveys of the top 50 U.S.-based
companies in the data processing industry. In 1980, reporting
on 1979, Datamation expanded its annual survey from 50 companies
to 100 companies. (Id.; see p. 1068 below.)
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In large measure the story of the Seventies for the
computer industry lies in the growing diversity of suppliers and
of the new and improved products and services they were compelled
to introduce to attract and‘keep computer customers. This portion
of our testimony will look first at the early years of the decade
beginning with IBM's introduction of its System/370 and the actions
of a number of other suppliers in those years. That is Part VI.

In Part VII, we review more fully the expansion and
entry of some competitors, as reflected in the record of this case,
from roughly the mid-years of the decade to the presenf.

Part VIII focuses again on IBM, specifically on what
has been called a "flood of IBM announcements" (DX 12265, p. 8)
in the second half of the decade, announcements marking IBM's
various attempts either to catch up with other suppliers or to
leapfrog them.

Part IX looks to the results of the competitive process--
principally in the 1970s--as that process manifested itself in
the alternatives that computer users actually have available to
them and that they consider and implement in meeting their data
processing tasks in "the most cost effective method". (Welch,

Tr. 75501; see below, pp. 1338-40.)
Finally, in the Conclusion we review briefly some of the

performance improvements in the industry over the past three decades.

-955-
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VI. INTRODUCTION OF SYSTEM/370

59. 1Initial System/370 Announcements

a. Competitive Pressures: 1970. IBM's System/360,

introduced in the middle 1960s and enhanced and augmented by new
products and programming during the second half of the 1960s, was
by any measure one of the most successful product lines in the
history of American industry. As detailed in thg 1960s portion
of this testimony (pp. 367-75 above), deliveries of that line of
equipment--in volumes unprecedented in the computer industry--
transformed IBM into one of the largest and most successful
companies in the world.

But by the end of the 1960s, IBM's position and growth
in the industry had already been impacted heavily by its competi-
tors, including:

(1) pricing actions ahd product line enhancements

and improvements from systems manufacturers. (See
above, pp. 473-749.)

(ii) rapid-fire introductions of "plug-compatible”
peripheral equipment--particularly tape drives, disk drives
and memory--from Memorex, Telex, Ampex and other companies.
(See pp. 750-96 above.)

(1ii) leasing companies which had acquired large
volumes of IBM manufactured equipment from customers
or directly from IBM and were marketing that equipment

on a variety of terms and conditions against the

-956-
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equipment IBM's sales force was marketing. (See
PP. 826-30 above.)
Hence, despite the overwhelming market acceptance of
its System/360 line, IBM's U. S. EDP revenues had peaked in 1968
and remained essentially flat through 1972. (DX 3811l.) Over the
same period, as measured by Census II, the U. S. EDP revenues of IBM's
competitors (who grew in number from 420 to 617) almost doubled.
(DX 8224.)
Two other factors added to the competitive pressures on k,
IBM at the beginning of the Seventies:
First, by January 1970, IBM was implementing its
"unbundling” announcement of June 1969, in which IBM
announced the separate pricing of certain support services.
(See above, pp. 462-72.) Significantly, some of IBM's largest
competitors did not "unbundle” at that time because they saw
competitive opportunities in remaining "bundled". For
example:
(1) McDonald of Sperry Univac testified that his
company
"felt it would be to our competitive
advantage to maintain our previous pricing policy
so that we could go to the customers, potential
customers of IBM, and say to them that we would
offer you these services which we have in the
past under the same pricing policy, and you know
what you will be getting from us, and under the
IBM unbundled pricing policy, only time will
tell what your real prices will be; and I think

this was effective, at least for a period of
time." (Tr. 2896.)
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(ii) -Spangle of Honeywell testified that his
company initially chose not to unbundle following

IBM's 1969 announcement because, among other

reasons:

*"[wWle had hopéd to gain some temporary market
advantage and a way out of our infirmity because we
thought there would be quite a bit of resistance

to this change by the customers and prospects,
and that because of that we might be able to get
some customers that we otherwise would not have
been able to get." (Tr. 5087.)

Second, beginning in late 1969, the country entered
into a serious recession. According to a U. S. Department
of Commerce Report published in August 1970, "([plotential
private purchasers, especially the electronics, aerospace,
and automotive industries, are delaying orders or foregoing
new EDP purchases in order to preserve their liquid assets,
while Government procurement--especially Defense--is down
for budgetary reasons". (DX 12135, p. 29.)

For a time, the growth in demand for EDP products and
services slowed; users became extremely cost conscious:
Currie of Xerox testified that "many computer users probably
for the first general time in the hi;tory of the industry
started reducing computer budgets instead of increasing them
« « «" (Tr. 15334; see also Tr. 15334-36, 15344-45.) "The
competition was very intense in 1970, all the computer

manufacturers were impacted, and we were all struggling

very hard for the business that was out there".
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(Currie, Tr. 15340.) Rooney of RCA recalled that "[t]he
economic situation for the computer business in 1970

was quite bad. As I recall, the shipments that year
were down some 20 percent from the previous year."

(Tr. 12264.) Many companies, such as CDC (DX 434, p. 3),
DEC (DX 512, p. 1), Honeywell (DX 122, p. 6) and RCA

(DX 653, p. 1ll1l) reported that the condition of the
economy had had a direct impact on their business
performance.

IBM was no exceptién. In its 1970 annual report,
IBM management stated:

"1970 was a difficult year for U. S. business

as a whole. The condition of the economy

affected our customers and, in turn, affected

IBM. Data processing equipment previously

installed with customers on a rental basis

was discontinued at a higher rate than in

1969. But the substantially lower level of

outright sales of computer products . . .

was the primary factor which contributed to

the decline in domestic operations during

1970." (PX 5767, p. 5; see also Cary, Tr.

101812-15, 101817.) )

On the other hand, users' increased cost consciousness
aided some suppliers. Guzy of Memorex testified that his
company was "selling compatible prodﬁcts at a lower price
and to the extent that users wanted to lower the cost of
data processing during that period, it accelerated the rate

at which these products were accepted, and our business was

very good during that period." (Tr. 32537; see also Butters,
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Tr. 43719-20; G. Brown, Tr. 53169-70.) Similarly, Powers o
IBM testified that 1970-71 was "a time when . . . customers
were particularly interested in ways to save money. So that
the lower price of the PCM equipment was . . . just that
much more attractive in that particular time frame." (Tr.
95413.)

The leveling of demand and the user concern with cutting
EDP costs added to the pressure for price reductions and heightened
direct price competition among all suppliers of computer equipment
and services, including IBM. That pressure became particularly
visible when the Federal Government, the largest customer for
computer products and services in the United States and the world,
expanded its policies encouraging price competition among EDP
suppliers. The Brooks Bill, passed by Congress in 1965, had given
the GSA authority over the Federal Government's procurements of
general purpose computer equipment and had given the Bureau of

the Budget fiscal control over those procurements. (See above, pp.

870-77.) Ané as already discussed (see pp. 759-61 above), in

iearly 1970, the Bureau of the Budget required all Federal
|

agencies to consider peripheral equipment offered by independent

iperipheral manufacturers as well as peripheral egquipment

from systems manufacturers when cost savings could be achieved.

(DX 5212; see also DX 4567; DX 5215; Wright, Tr. 13539-42.) 1In

addition, in early 1971, the General Services Administration

1 solicited proposals from over 300 suppliers for multi-year leases,
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with price discounts, for computer equipment. (DX 4381; Cary,
Tr. 101671-73; see also DX 4355; DX 4567.)

b. IBM's Initial System/370 Announcements. IBM had

begun the planning for its new systems or "NS" in the mid-1960s,
even while the early System/360s were being shipped. (See pp. 878-
79, 882-83 above.) IBM management was planning for a staggered
announcement of NS processors beginning in the second half of
1969. (Cary, Tr. 101360-61.) Those dates slipped, in large part
because IBM's "Merlin" disk storage system-~then in development--
encountered technical difficulties in development and was not
ready for announcement. (PX 2474B, p. 1l; Cary, Tr. 101361-62;
see above, pp. 898-99, 917.)
Merlin was to be a major technological advance over the .
2314, significantly faster and more reliable, and offering at
least twice the storage density. (PX 2474B, p. l.) Because IBM
management considered Merlin to be critical to the competitive
success of NS as a whole, the announcement of NS was delayed until
Merlin was available. (Cary, Tr. 101361-62; PX 2468A, p. 2; PX
2474B, p. 1l; see Case, Tr. 73733-34.) As Cary testified:
"[Tlhe [System/370] 155 and the 165 are very, very
high performance processors, but their performance
characteristics couldn't really be utilized by a lot of

customers unless they had a very high performance file
available to use with them. . . ." (Tr. 101362.)

By June 1970 NS equipment--Merlin included--was ready
and IBM began to announce the System/370 product line, starting

with the largest processors in that line, the Models 165 and 153
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(followed by the 145 and‘l35 in September 1970 and March lé?l)
and the Merlin disk file and its control unit, the IBM 3330 and
3830.

With the introduction of this new family of computer
equipment, IBM began superseding its entire System/360 line. By
1970, it was evident that IBM's entire spectrum of computer
products was under mounting competitive attack and that all its
products—--processors, memory, storage and input/output equipment--
would be replaced within a few years' time with better perﬁorming
ldwer'priceareéﬁipment offered by its competitors, if not by IBM.
As Evans put it,

. « . competitively speaking, the System 360 was out of
gas" in late 1969. (DX 4740: Evans, Tr. (Telex) 3961-62.)

Withington also testified that if IBM had not come out with a
computer'system or series of computer syStems comparable in
price/ performance and functionality to the IBM System/370,
"[o]lver time competitive products would have proved generally
superior to those of IBM in price/performance and functionality
and over time IBM would have proved unable to attract new customers
and would have slowly begun to lose existing ones". (Tr. 565340.)
Although the introduction of new egquipment with better
price/performance could attract customers that would otherwise go
to some other competitor, it was not without its costs. From
IBM's perspective, the introduction of that newer equipment was

likely to cause the return to IBM of highly profitable leased
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System/360 equipment in a severe recessionary period in the United
States. One might reasonably expect that IBM and other companies,
in such a time, would attempt, wherever possible, to delay new
product announcements that would have the effect of displacing
their existing lease inventories and to avoid the marketing and
other costs that must be incurred with the introduction of new
product lines. Nevertheless, IBM could not sit back and wait
out the '70-'71 recession. It introduced new products as rapidly
as it could.”*

The principal initial IBM System/370 announcements were
these: |

(i) Model 155 and 165 Processors. The 155 and 165 CPUs

and their high performance channels were announced on June 30, 1970.
Both processors were System/360 compatible and were hence capable
of being used with existing System/360 peripheral equipment and
software. (PX 4505, p. 1l.)

The advantages of the 155 and 165 processors were largely
in speed and memory capacity, which in turn permitted greater data

and programming handling capabilities. The 155 processor used the

*Due to continuing competition, IBM's "net sales record increase"
(NSRI), an internal measure based on "point" value (PX 2896, p. 3)
was negative in 1971, meaning that the volume, in points of
monthly rental dollars, of equipment being returned to IBM was
greater than the point value of orders for new eguipment--despite
the introduction of System/370. (Cary, Tr. 101462-65; Akers,

wTr. 98023-24, see PX 6474, p. 4.)
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"buffer" memory techniques first introduced in the industry by

IBM with the Model 85 in 1968. (See E. Bloch, Tr. 91540-41l.)

It offered gresatly improved internal speed: as much as

4 times that of the System/360 Model 50. (PX 4505, p. 1) The 155
also could accommecdate up to two million bytes of main memory

as compared with about 256 kilobytes on the Model 50--a nearly
8-fold increase in maximum memory capacity. The 370/155

Model H with a main memory of 256 kilobytes was priced only

about 50 percent more than the 360/50 Model H, also with

256 kilobytes of main memory. Thus, the user was offered an

improvement in terms of internal processing speed per dollar of
over 150 percent. Even comparing the higher priced 370/155
Model J with one megabyte of memory to the 360/50 Model H (with
256 kilobytes) the improvement in internal processing speed per
dollar was almost 90 percent.* (JX 38, p. 32; DX 912 A, p. 4;
PX 4505, pp. 1, 3.)

The 370/165 processor offered up to 5 times faster
internal processing speed than the 360/65. (PX 4505, p. 1l.)
The 370/165 Model J, with 1 megabyte of main memory, was priéed

only slightly higher than the 360/65 Model J, also with 1 megabyte

* The prices compared are the purchase prices of each processor
with the amount of main memory indicated along with any console or
features necessary for the CPU to operate. These and similar
subsequent comparisons do not take into account the fact that the

"purchasing power of the dollar dropped significantly between

1964-65 and 1970-72.
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of memory. That offered the user an improvement in internal process-
ing speed per dollar of over 350%. The higher priced 370/165 Model K
with 2 megabytes of memory offered an improvement over the 360/65
Model J in internal processing speed per dollar of 280%. (PX 4505,
pp. 5-6; JX 38, pp. 393-94.) The main memory capacity of the 165
extended up to three million bytes, as compared with 1 million bytes
on the Model 65, a 3-fold improvement in the maximum memory capacity.
Also, the price of the main memory dropped by two-thirds. (PX 4505,
p. 6; JX 38, p. 394; see above, pp. 920-21.)

The 155 and 165 were not "virtual memory" processors; IBM's
virtual memory systems control programﬁing was not ready for
announcement in 1970. (Case, Tr. 73754-56; PX 5628, p. 2; see
pp. 916-18 above.) However, the 155 and 165, with some additional
hardware, as well as the later announced 370 Model 145 and 135
processors as originally shipped (see p. 1049 below), were
equipped to accept "wvirtual memory" control when the software
became ready. (DX 1639; DX 1640; see also Case, Tr. 73754-56.)

(ii) 1IBM 3330/3830 Disk Subsystem. IBM's announcement

level forecast assumptions for the 3330/3830 disk subsystem,
(DX 7858), indicated that by 1970 many of IBM's system,*

plug-compatible and leasing company** competitors had brought out

* The analysis mentions: Burroughs, CDC, DEC, GE, Honeywell,
NCR, RCA, SDS, UNIVAC. (Id., p. 2.)

** The analysis also mentions: Century Data Systems/CalComp,
Data Recording Instruments, Friden, GE, Hitachi, ISS, Linnel,
Marshall, Memorex, Potter, Tracor-PGI, ICL, Talcott Leasing, Grey-
hound, Telex, Bryant, MAI. (Id., p. 3.)
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disk devices that were highly competiti?e with IBM's existing 2311
and 2314 products.

The 3330/3830 disk drive and control unit, as announced,
represented a major technological and price/performance improvement
over those existihq disk subsystems. The 3330's data transfer rate
was 2-1/2 times that of the 2314, and the storage capacity per
disk spindle was more than 3 times greater. (DX 1437, p. 1l.)

The 3330's combination of a voire coil actuator and a new track
following "servo" system was a major innovation. (Haughton, Tr.
94887-88; 94908-09.) Also, for the first time in the industry
the disk drive control unit was programmable and contained
sufficient processing and storage capability to permit the

subsystem itself to execute extensive error detection and correction

and to take over various control functions otherwise performed by

the CPU and/or its channels. (JX 38, pp. 971, 974; DX 4106, Ice,
pp. 78-80.) In addition, the 3830 control unit included

IBM's innovation of a writeable control store consisting of a
disk cartridge housed within the unit to load and store control
and diagnostic programs. (JX 38, p. 973; PX 3664A, pp. 10, 14; DX
4106, Ice, p. 78.)

The 3330 was recognized by IBM's competitors and through-
out the industry as an innovation of appreciable competitive
importance. Rooney of RCA testified that the 3330 "brought to
the users significantly improved price,/performance, capability

of storing and retrieving data on disks at much faster speeds than
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we had hitherto". (Tr. 12048-49.) In his opinion, the 3330/3830
was a significantly better disk drive and disk control system

than any other manufacturer offered at the time (Tr. 12049);

its announcement with the 370 family was felt to be "very
significant, very profound, and would have a great impact on

RCA . . . ." (Tr. 11939.) Beard of RCA similarly recalled that,
with the 3330, "for roughly the same number of dollars . . . a
customer would achieve about three times as much storage, and there
was also a speed improvement in the neighborhocod of 50 percent”.
(Tr. 9054-55.) Currie of Xerox stated, "I think when the 3330 disk
drive was introduced by IBM it had a very valuable price/performance
profile in the eyes of many users, and I am convinced that users
selected IBM systems based on that device as a major facter".

(Tr. 15495-96.) Withington also testified that the 3330 represented
an advance in the state of the art. (Tr. 56250-51; see also Wright,
Tr. 13131-33: “"substantial advancement".)

(iii) IBM 3211 Printer. Together with the System/370

Model 155 and 165 processors and the 3330, IBM also announced a new
high-speed printer, the 3211. This printer used improved:versions
of the "train" printing technolcgies of IBM's popular 1403 printers.
(DX 1437; see above, pp. 320-23.) The 3211 was capable of printing
2,000 linés per minute, as compared to about 1,100 lines per minute
for the 1403-N1 provided with System/3601 Rooney of RCA testified
that with the 3211, "You could print the reports at a much faster

rate. Therefore, you could improve the overall throughput of the
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systemn"--"one of the ways to measure performance when you do a
price/performance measurement". (Tr. 12059.)

(iv) IBM System/370 Model 145 Processor, the IFA and

the 2319 Disk. In September 1970, IBM announced the System/370

Model.l4§ processor, the first processor in the computer industry

to be offered with main memory made exclusively of the new monolithic
semiconductor technology. (PX 4527; Rooney, Tr. 12049-50;

Andreini, Tr. 48565; E. Bloch, Tr. 91542; Case, Tr. 72385—86.i The
internal performance of the 370/145 was up to 5 times that of the
System/360 Model 40, although the 370/145 Model H was priced

only about 26% higher than the 360/40 Model H, both with 256
kilobytes of memory. Thus, the 370/145H offered an improvement in

internal processing speed per dollar of almost 300 percent over the

'360/40H. (PX 4527, pp. 2-3; JX 38, p. 32; DX 912 A, p. 4.) In addi-

tion, the 145 offered up to a half million bytes of main memory,
while the Model 40 had a maximum capacity of a gquarter million
bytes of main memory. (JX 38, p. 32; PX 4527, pp. 2, 3; DX 912 A,
p. 4.)

The use of monolithic semiconductor memory in the 370/145
also represented a significant technological step and was a direct
result of IBM's earlier decision--with its attendant risks--to shift
memory development away from magnetic core technology into semi-
conductor technologies. (See above, pp. 907-11; Andreini, Tr.
48451-55; E. Bloch, Tr. 91537-41; DX 1994, pp. 18-19.) Again,

Rooney testified:
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"[I]t set a target for us. We considered this a very
significant improvement in the whole field of data process-
ing and felt that we certainly had to have this ability in
the future. I can't classify it as having an effect on RCA
other than that they came out with what we considered to be
a significant technological improvement."™ (Tr. 11923.)
The 145 could be used with the earlier announced 3330/3830
disk subsystem. But, with the 145 processor, IBM also announced a
low-priced optional Integrated File Adapter (IFA) feature. The IFA
consisted of disk control electronics which were integrated into the
cabinet of the 145 processor and could control a maximum of eight
2314/2319 disk spindles (totaling 233 million bytes of storage):;
with that limit, the IFA eliminated the need for separate, more
costly disk control units. (PX 4527, pp. 3-4; DX 4740: Evans, Tr.
(Telex) 4023-25; Haughton, Tr. 95021-23; see above, pp. 905-06.) The
IFA was priced at less than one-half the rental price of the control |
unit used with IBM's 2314 disk drives. (DX 4742, Kevill, pp. 522-24.)
With the IFA, IBM also announced the 2319 drive, which was essentially

a repackaged, price reduced, three disk spindle version of IBM's

successful 2314 disk drive family. (Cary, Tr. 101370-71; see above,

Pp. 902-06.)
The benefits of this low cost disk system package were

these:

o

While larger 145 processor-based systems coculd use the high
%performance IBM 3330 disk system--then unmatched by competition--IBM's

‘announcement of the low cost 2319/IFA permitted IBM to cffer smaller,
less costly, "entry level" configurations of 145 systems to potential
customers. (DX 4740: Evans, Tr. (Telex) 4010-11; PX 4138, p. 2.)

TBM had been developing an innovative lower cost disk sub-
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system--the "Winchesﬁer"--since 1969 (Haughton, Tr. 94912-16; see

pp. 902-06 above) but that program was not ready in 1970 and would not]
be ready for nearly three more years. (PX 4538.) 1IBM couldn't

wait. By 1970, as the Merlin forecast (DX 7858) and other internal
IBM memoranda acknowledged, é number of systems manufacturefs were
offering disk products that had equalled or exceeded the performance
of IBM's 2314 disk subsystems--the products that had played such

an important role in the success of 360. (See pp. 323-32 above.)

Those companies included Univac (DX 4756A, p. 51), Honeywell (DX

47568, pp. 30-32), CDC (G. Brown, Tr. 51068-71), RCA (Rooney,

Tr. 12144), GE (DX 4756A, p. 19), SDS (DX 4756, p. 48), DEC (which
purchased its drives from Memorex (Guzy, Tr. 33184)) and Burroughs.
(PX 2644, p. 161l.) In addition, the increasingly successful PCM
competition was convincing IBM's customers to return IBM 2314
subsystems on System/360 "almost by the trainlocad" (DX 4740: Evans,

'Tr. (Telex) 4011) and they could certainly be expected to do the

|
1

isame when the 145 was marketed--unless IBM made some significant

price or performance improvements.

‘ Hence, the combination of the lower priced 2319 and the
IFA would give IBM a competitive disk offering for smaller 145-
fbased systems. (Powers, Tr. 95338-40; PX 2635A, p. R2) and at the

same time would make IBM's disk products more competitive with the

fFlug-compatible competition. (See DX 4740: Evans, Tr. (Telex) 4011;
|

%bx 4214; see alsc Page, Tr. 33107; Friedman, Tr. 50430-31.)
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IBM expected to re—-use returned 2314 disk drives and,
with the addition of some new control<electronics, to be able to
offer the 2319 drives for about $1,000 per month for the three-
spindle configuration. (Haughton, Tr. 95021-22; PX 4527, p. 2.)

(v) IBM 3420 Tape Subsystem. In November 1970, IBM intro-

duced the "Aspen" tape subsystem, which consisted of the IBM 3420
Models 3, 5 and 7 tape drives and the 3803 control unit. (JX 38, pp.
981-83.) This new subsystem could be used with 360 as well as with
the new 370 systems. IBM's announcement of this product came at a
time when IBM was facing enormous competition in tape products, from
plug-compatible equipment manufacturers and from systems vendors.
During 1969 and 1970, over 20 companies announced a total of 30 to 40
tape systems, promising better price/performance than IBM's current
tape product line.* |

The new 3420/3803 subsystem gave IBM a lower priced. tape
offering and embodied significant innovations in reliability and per-
formance. (See Beard, Tr. 9054; Aweida, Tr. 49170-71, 49380-401;

DX 5155, Gruver, pp. 55-97A; DX 3098: Winger, Tr. (Telex) 5696-5716;
see also DX 3119.**

* See DX 4756A, pp. 2, 4, 11, 16, 27, 32, 55, 74, 80, 85, 86;
DX 4756B, pp. 4, 5, 6, 10, 13, 17, 33, 34, 36, 41, 50, 57, 58,
101, 108, 115, 120, 121; PX 4033, pp. 28, 33; see also PX 5360.)

** Among the technological innovations and improvements in the
3420/3803 tape subsystem were: use of a "digital"” interface between
the drive and control unit (DX 2137, pp. 4-5; DX 5155, Gruver,
pp. 68, 87-88, 91, 93; DX 3117, Dallenbach, p. 223; DX 7619: Winger,

Tr. (Telex) 5700-03: Cooley, Tr. 31940-41); a ""radial" connection
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As we have discussed (see above, pp. 890-98), the
"Aspen" project had been under way within IBM for about 4 years
under different code names. (See Aweida, Tr. 49617-22; Tr. 65492~
94 (stipulation); DX 4740: Evans, Tr. (Telex)b4122-24-) One of the
originalr goals of that program was a quadrupling of the recording
densities on the magnetic tape. That goal which was not achievad

'luntil 1973. (See below, pp. 1054-55.)

(vi) IBM 2319B and Disk Price Reductions. In December
1970, IBM announced the 2319B disk drive. (JX 38, pp. 988-%3;
Whitcomb, Tr. 34313-14.) The original 2319, announced for use on
the 370/145, was renamed the 2319A. The 2319B was not strictly
speaking a "System/370" announcement. The 2319B drives were offered
for attachment to System/360, although they weré capable of being

upgraded to 2319A drives in the field, and as such, could be used

with System/370 systems equipped with IFAs, if users chose to

install the newer IBM equipment. (JX 38, pp. 988-389; see also

Powers, Tr. 96247-48.)

} Like the original 2319, the 23198 product reused older
©2314 disk spindles. (Cary, Tr. 101370-71.) With the 23193 IBM
i
|
ramong tape drives in a string (DX 5155, Gruver, pp. 87-88; DX 7619:
Winger, Tr. (Telex) 3700-17; Aweida, Tr. 49400); the use of monolithic
rcircuitry (DX 4253, pp. 6-7; DX 5153, Gruver, pp. 25, 59-80, 65-66;
iDX 7619: Winger, Tr. (Telex) 5698); built-in programmable diagnostic
icapability (DX 7619: Winger, Tr. (Telex) 5696-97, 5766-67, 5706-08,
/DX 3155, Gruver, pp. 50-64, 73, 96-97); "amplitude sensing” for
iimproved reliability in recording reading (DX 7619: Winger, Tr. (Telex)
13715-18); and improved rewind times. (DX 7619: Winger, Tr. (Tel=x)
:5716-17; DX 4740: Evans, Tr. (Telex) 4133-37.)
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the user an improvement in internal processing s

| offered its System/360 users the same price-reduced disk

drives--as compared with 2314 drives--that IBM was offering to its
System/370 users with the 2319A: a monthly rental price of roughly
$1,000 for three disk spindles. (JX 38, pp. 988-92.)

Also in December 1970, IBM reduced its prices further

on its disk storage products by =liminating "additional use" charges

h for IBM 2314, 2319 and 3330 disk drives. (Cary, Tr. 101371-72;

PX 3147, p. 1.) Those charges had been made for additional hours of

use above the number included in the basic rental contract for the
equipment.

(vii) System/370 Model 135 Processor. In March 1971, IBM

announced what was then the smallest "member" of the System/370
family: the Model 135 processor, which was compatible with
System/360 programming and was capable of using System/360 and 370

peripneral equipment, including the 3330 and the 2319/IFA. (PX 4528,

Model 30 and, for example, the 370/1335 Model FE with 96 kilobytes
of main memory was priced less than 30 percent above the 360/30

Model F with 62 kilobytes of memory. Thus, the 3790/135 FZ offer
- 7 e e

eed per dollar

o]

iof almost 220% over the 360/30F. Even :=he 370/135 Model DH with

almost ¢ times the main memcry of the 360/30F offerad an improve-

<At




like that on the 145 processor, was monolithic semiconductor rather
than the older core memory technology. (Id.) Moreover, the 370/135
offered up to roughly 4 times the memory capacity available on

the Model 30. (JX 38, pp. 32, 79; PX 4528; DX 912 A, p. 3.)

(viii) IBM 3270 Terminal Subsystem. In May 1971, IBM

announced a new family of terminal subsystems, the IBM 3270, which
included terminal displays and printers and controllers for the
subsystem. (JX 38, pp. 1013-15.) The 3270 announcement was IBM's
first majotr "CRT" or display terminal announcement since the IBM
2260 terminals were announced in 1965, a year after the IBM 360
line announcement. In those intervening years, display terminals
had become an increasingly attractive alternative method for
computer output and input: unlike computer room-bound printers,
such as consoles and card readers, display terminal equipment could

be located more closely to where data were created and could be used

| to enter and display or print data in human readable form directly

to the ultimate user, rather than requiring those users to go to a
computer room, deliver their card decks or pick up their computer
printouts. A number of manufacturers had begun offering display
terminal equipment for use in computer systems during the 1960s and
early 1970s. (See DX 4885; DX 4555, p. 1; see also DX 4484, p. 3;
pp. 778-80, 791-92, above.)

The new IBM 3270 display system could be used as part of

System/360 or System/370 computer systems and could handle a variety

of on-line information processing applications, including data base
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inquiry, data entry, transaction processing, on-line programming--
either attached locally or via remote communications links.
(JX 38, pp. 1013-20.)

The 3270 systems, however, were still essentially "dumb"
terminals, in the sense that little, if any, processing and storage
were performed in this peripheral equipment, rather than in the
system's main processing and storage eguipment. Hence, this terminal
announcement may be looked upon as a continuation of a "centralized"
approach to data processing where, in systems using the 3270,
storage, control and processing remained largely in the other
equipmeﬁt. As we shall discuss, other suppliers in the computer
industry, particularly Burroughs, Data 100 and Four Phase, in the
late 1960s and early 1970s--were already introducing equipment
capable of substantial "distributed" processing and storage.

(See pp. 982-84, 1069-70, 1221, below.)

(ix) IBM's Fixed Term Plan. Alsoc in May 1971, IBM

announced an optionél lease plan for several of its System/370 and
System/360'peripheral products. The "Fixed Term Plan", or "FTP",
eliminated any remaining extra shift usage charges and provided
an 8 or 16 percent discount from IBM's monthly rental rates for
customers who chose the plan’'s one or two year term leases.
(PX 4592.)

Through the 1950s and 1960s IBQ had only offered its
computer equipment under either purchase contracts or rental agree-

ments generally cancellable by customers on 30 days' notice. During
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the 1960s, however,-IBM's competitors had begun offering longer
term lease plans ranging from 1 year to 5, 7 or more years, with
discounts, to computer customers. Those competitors included
systems manufacturers, plug-compatible peripheral manufacturers and
leasing companies. (See e.gﬂ, Spangle, Tr. 5219-20, 5556-57;
Aweida, Tr. 49501-504; Spitters, Tr. 54432-33; Powers, Tr. 95413-14;
Cary, Tr. 101667-69; DX 4355, pp. 21-26.) And, as noted, in the
spring of 1971, the General Services Administration formally
requested EDP companies to submit plans for firm multi-year leases
for computer equipment at discounted prices. (See DX 4355; DX 4381;
Cary, Tr. 101672-73.) Thus, IBM's largest customer was soliciting
specific terms and conditions not then available from IBM but
offered by most, if not all, of IBM's competitors. Also, according
to Powers of IBM, by early 1971, IBM's other customers were becoming
"quite vocal about their desires to have long-term leases”. (Tr.
95420.)

Another significant impetus for introducing a fixed term
lease plan with discounts was IBM's continuing losses to plug-com-
patible peripheral manufacturers and leasing companies, both of
which were marketing PCM equipment, with those kinds of leases.
(Cary, Tr. 101674-77, 101849-50; Powers, Tr. 95413-16.) For
example:

(a) According to B. 0. Evans, PCMs and leasing

companies, as well as systems manufacturers, "were

hitting us [IBM] hard" and, as a result "cur lack of
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success in the economic marketplace was startling.”
"[Tlhe competition was taking us apart. . . ." (DX 4740; Evans,
Tr. (Telex) 4005, 4045.)

(b) By early 1971, PCMs were replacing IBM 231l4~-type
disk drives at the rate of over 1,000 spindles per month. At
that rate, IBM's installations of 231l4-type disk drives would
have reached zero in about 30 months or by mid-1973. (Powers,
Tr. 95824-26, 96041-42; PX 3158A; PX 3692A.)

(c¢) Prank Cary testified that, in the spring of 1971,
IBM was "concerned about the rate at which the PCMs were
impacting the 2314s and the 2319s and so on. So we were
concerned about the installed tape drives and the installed
files. . . ."™ (Tr. 101849.) He added, "[W]e were very much
aware of the fact that we were the only people that did not
have term lease plans, and so we were very interested in
getting competitive, not just price/pérformance-wise, but in
terms of the terms and conditions we were offering as well."
(Tr.1101850.)

(d) In March 1971, F. G. Rodgers, President of IBM's
Data Processing Division, reported to IBM top executives
(Watson, Learson and Cary) on the previous month's marketing
results, stating that IBM's persistently high rate of equip-
ment discontinuance was "a reflectién of the continuing low
level of the economy, as well as the high impact of leasing

companies, data servicers and OEM". (DX 8059.)
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By May 1971, IBM forecasters projected that without a
fixed term lease with rental rate reductions, by 1975, plug-
compatible manufacturers would have replaced essentially all of
IBM's 2314 and 2319 disk products and all but 12 percent of its new
3330 disk drives. (Powers, Tr. 95444-48, 95786-90, 96007-08,
96047-48; PX 6401; Cary, Tr. 101685, 101931~-32.)

In that May, IBM announced FTP for its disks and tapes
and their control units as well as for printers, data cells,
magnetic drums and their controllers. (PX 4592; DX 4551.)

At the time of its announcement, IBM's top management
expected FTP to increase IBM's revenues and profits from those
products, cut expenses associated with remarketing and reconditioning
returned equipment, and reduce losses to competition. (Cary, Tr.
101376-77, 101688-94; Powers, Tr. 95416-17,'95426-36, 95440-42,
95449-30, 95458-59, 95462-68, 95530-31; DX 9380; DX 9381l: DX 9382:
DX 9383; DX 9390.)*

When IBM's top management decided to introduce the company'g
first term lease plan in 1971 on the products we listed, it
expected that term leases of some kind would ultimately be offered
with all the company's data processing products. (Powers, Tr. 95424;

see also Cary, Tr. 101377-78, 101673-77) And, in fact, IBM later

* Qf course, FTP resulted in significant savings to users as
well. If IBM's customers who took advantage of FTP had instead
paid IBii at its monthly rates, those customers would have spent,
during 1971 through 1977, an estimated $450 million more than they
actually édid. Users also benefited from the 15% purchase price
reduction that was announced at the same time as FTP. (Powers,
Tr. 95549, 95552-33; DX 9388.)

-978-




W 0 N O L B W N e

N = = e g e e T T =
(@] w 00 ~ [e) [§)] £ w N = o

21

offered such lease plans for virtually every computer product it
markets. (Powers, Tr. 95424; Akers, Tr. 96930-32; Cary, Tr. 101694.)

On the same day FTP was announced, May 27, 1971, IBM also
announced "[plurchase price decreases of épproximately 15%,
effective June 1, 1971 . . . for most disk, tape and printer
products, [and] their associated control units. . . ."™ (PX 4593,

p. 1.) Among those products were the 3330/3830 disk subsystem,
3211 printer, 2314, 2319A and 2319B disks, and the 3420/3803 tape
subsystem. (Id., p. 3.)

In the months following IBM's announcement, competitors--
including systems manufacturers, leasing companies and independent
peripheral equipment manufacturers--responded with more price or
product actions. (See Conrad, Tr. 13936-38; Cohen, Tr. 14645-46,
14654-57; Friedman, Tr. 50443-44; DX 977, P. 1; see also DX 191l.) Cohen
of Xerox, for example, testified that "XDS reduced its lease and
purchase prices on its disk drives in a very substantial way" after
IBM's FTP announcement (Tr. 14645) and wrote in November l97lAthat

"other mainframe manufacturers (Honeywell, CDC, Univac,
etc.) have followed suit with similar price cutting”.
(DX 977, p. 1.)

A year later, in June 1972, an industry observer--the

International Data Corporation--stated in a Business Week "Report

to Management":

"Independents can replace half or more of the equipment
associated with an IBM computer plus a growing percentage of
the gear--especially communications oriented products--used
with any computer. . . .
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"As the independent peripheral manufacturers strive to
fill their potential and the mainframe companies react to
hold onto their own business, prices will come down as
product performance and variety improve. And that's a
bonanza from the user's point of view, since he wins in
both cases.™ (DX 3132, pp. 2,4.)
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60. Product and Pricing Actions of Competitors. During

the years IBM was beginning to introduce its 370 line, other suppliers

in the computer industry were doing the same with their product and
services offerings. We will consider briefly computer systems
manufacturers, plug-ccmpatible equipment manufacturers and leasing
companies.

6l. Computer Systems Manufacturers. A number of computer

systems manufacturers introduced new computer lines of their own and
also reduced prices or enhanced the performance of their existing
lines in the early 1970s. For example:

a. Burroughs. In October 1970, four months after IBM's

System/370 Model 155 and 165 announcements and less-than a month
after IBM's 370/145 announcement, Burroughs formally announced

a new family of computers, the "700 Systems", including the B 5700,
B 6700 and B 7700 series--all of which included "monolithic
integrated circuitry". (DX 10716, pp. 2=3, 1ll.)* Of the B 6700
in particular, Withington stated in February 1973 that it was the
"[m]ost promising" of Burroughs' new models: "After years of
difficulty in perfecting the software and hardware for the large
computers, Burroughs now seems to have a perfected product”.

(PX 4839, p. 21.)

v

* There is some indication that Burroughs, like CDC with its

6600 ( see pp. 352, 406 above), may have discussed the A700 with
customers before announcement since Jones of Southern Railway
considered that computer in 1969. (See pp. 1440-41 below.)
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 As part of the initial 700 System announcement, Burroughs

also introduced new disk subsystems, including an IBM 3330-type.,
to be manufactured by Century Data Systems. (See PX 2606, p. 166;
PX 2644, p. 160; DX 10716, p. 12.)

Some months later,'in October 1971, Burroughs added the
B 4700 to its 700 "family" and, in June 1972, announced the lower
cost, lower performance B 1700. (DX 10265, pp. 18, 20.) B 1700
systems were marketed as replacement products for, among others, IBM
System/ 360 Model 20 and System/3 computer systems. (PX 4966, pp.
2-3.) 1IBM's own new low-end System/370 processor, the System/370 '
Model 115, was not announced until the following year, March 1973.
(PX 4537.) |

In the fall of 1970, at approximately the same time as
Burroughs' original 700 System announcement, Burroughs also intro-
duced new processors in its Series L "minicomputer" line, originally
introduced in early 1969. (DX 10716, p. l14; see pp. 652-53 above.)
Burroughs described its Series L line in 1970 as "advanced, self-
contained systems designed to handle the multitude of medium-sized
data processing tasks which face most businesses". (DX 10716,
p. 1l4.) Thé Series was, according to Burroughs' Chairman, a "COBOL
machine" and represented product offerings from Burroughs "to
respond to the needs of users, either an individual user that is
a relatively small company, or small operation, or the small opera-
tion of a large organization". (Macdonald, Tr. 6914, 6892-92,

The 1970 announcement of one of the new "L" series machines, the
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L 5000, included "48 standard applicatiohal programs . . .'for such
areas as manufacturing, contracting, finance, hospitals and govern-
ment". (DX 10716, p. 14.)

During 1971 and 1972, Burroughs announced larger, more
advanced members of the Series L line: +the L 7000 and L 8000 series,
which offered up to 40 times the processing speed of the earlier
Series L computers. (DX 3269, pp. 3, 14; DX 10265, p. 22; DX 3292-3,
pp. 10, 15; DX 10722, p. 2.)

In a "common develcpmgnt program" with the L Series,
Burroughs also continued to develop its intelligent terminal
products, the Series TC "terminal computers", first introduced in
1967. (DX 10716, pp. 13-14; see also DX 10721, p. 10.) 1In 1970,
Burroughs described these products as:

"one of the most successful product families Burroughs has
ever introduced. They are designed to operate as remote
data communications terminals functioning on-line to a
central computer system, or as self-contained, off-line
systems."” (DX 10716, p. 13.)
Those terminal products contained a significant amount of processing
and storage capability. (See DX 10264, pp. 14, 18; DX 10285, p. 5;
DX 10289, p. 9; DX 10721, p. 10; DX 10722, p. 1l.) 1In 1870, two
new models of the Series TC line were introduced, "increas([ing]
the extensive number of applications which can be handled by the
TC family of terminal computers”. (DX 10716, p. 13.) John L.
Jones of Southern Railway underscored the significance of the

Burroughs "TC" line, which he installed in 1970, in this way:

"I wanted to point out for the Court that this equip-
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ment was installed in 1970, and that, to my knowledge at
least particularly on Southern Railway Company, was one

of the first times that processing began to migrate, I will
say, out of the main processor into the peripheral devices.
For example, because of the programmable nature of the
Burroughs TC 500, there were certain formats and edits which
had been made and checks previously in the main processor,
which we now took and moved and put in the Burroughs TC 500
itself.

"That made eminent good sense, because now, as the
operator was keying to that device, if an error was made of
a type of the changes that we had made, the device itself,
the processor in the TC 500 itself, would stop the operator
and indicate the nature of the error immediately, but long
before in the prior system the data would have had to go
through the central processor, be checked, and then sent
back again.

"So I wanted to point out this was the start of the
concept of the distributed process in Southern Railway
Company. . . ." (Tr. 79062-63; see pp. 1442-44 below.)

In 1971, Burroughs' corporate growth in rewvenues and

earnings slowed, reportedly because of "soft economic conditions in

the U.S. and some overseas countries". (DX 3269, p. 2.) 1In 1972,
however, Burroughs' worldwide corporate revenues increased to just
over $1 billion for the first time in the corporation's history:;
according to the company: "Electronic data processing systems and
products; including business mini-computers, showed the fastest
growth, increasing 28 percent over 1971". (DX 10265, p. 3.) The
company's U.S. EDP revenues in 1972 were over $471 million. (DX 8224,
p. l.) By year-end 1973, Burroughs’ worldwide revenues were almost
$1.3 billion, while its new orders of "electronic data processing
systems and products, including business mini-computers”, increased

another 27 percent in 1973. (DX 3292-A, p. 2.)
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In those years, Burroughs' management was keenly aware of

the technological pace of the computer industry. 1In 1972, Macdo

Burrougnhs' Chief Executive Officer, stated that the "data proces

equipment industry . . . has become synonymous with rapid and fa

reaching change" (DX 426, p. 1l):

"In recent years, this rate of technical innovation
has accelerated rapidly and has had the effect of signifi-
cantly shortening active product life cycles, from as high
as 40 years and more, to 20 years, to today's three to five
years, with some as short as six to 12 months. In general,
for large and
life cycle of

about five years." (Id., o. 4.)

Mr. Macdonald also made this observation:

nald,
sing

P -
-

very complex products we now aim at a product

"All segments of the total industry are made up of very
dynamic, high-technology companies, and all have contributed

to our very rapid rate of technological change. These
companies vary in size from the leading independent main-
frame manufacturers with annual revenues in the billion
dollar range, to a great number of supplier companies with
revenues from $50 million to $100 million, and to an even
larger number of companies with smaller revenues." (I4.,
p. 15.)

He 2dded that there were "more than 400" periphsral companies in

the U.S. alone and "some 1,100" software companies. (Id.)

b. Control Data. CDC was one of the spectacular succ

stories of the 1950s and 1960s. (See po. 241-31, 6§70-90 above.)

1970, COC was 1in the process of making

lncludin

the CDC

(Y8]
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the Star 100) which CDC claimed could handle 100 million
instructions per second. (PX 355, p. 37.)*

(ii) In March 1971, CDC announced a new family of
computers, the Cyber 70 Series. The Cyber 70 offered
price/performance impfovements over CDC's existing
products, including the 6200, 6400, 6600 and 7600
computer systems, marketed "for solving a broad range
of industrial, financial and institutional problems"
and applications. (PX 355, p. 38; PX 6170 (DX 14511), p. 3.)
As of 1972, Withington noted that the Cyber 70 Series
was "selling well™ and accounted for "the bulk of [CDC's]
current shipments”. - (PX 4839, p. 23.) Norris, CDC's
Chief Executive Officer, testified that a substantial
portion of the Cybers delivered from 1972 and thereafter
were delivered to new CDC customers who had previously
used the EDP equipment of other manufacturers. (Tr.
6076-77; JX 24.)

In addition, CDC begén marketing IBM plug-compatible

peripheral equipment directly to end-users of IBM systems during
the early 1970s--both 2314 and 3330-type disk subsystems.

As already discussed, by 1970, CDC had beccme quite active

* At the time of Norris' testimony in 1975, CDC had only
delivered three Star 100 systems. (Norris, Tr. 5893.) 1In its
1974 Annual Repcrt, CDC announced that management had taken
charges against earnings as a result of the Star program.

(DX 306, pp. 1, 5.) It also did not meet performance or sched-
| ule expectations. (Hart, Tr. 80307, 80215.)
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in the OEM peripherals business (see pp. 682-84 above), and
manufactured peripheral equipment not only for its own systems

but also for sale on an "OEM" basis to as many as 130 customers.
(Norris, Tr. 6021-30; G. Brown, Tr. 51002; DX 297; see also

DX 4288, p. 3.) DX 297 is a "partial list" of CDC's OEM customers
in the 196831975 time frame. (Norris, Tr. 6021.) According to
Withington, in 1972, CDC remained probably the largest OEM supplier
of peripherals products to computer system manufacturers. (PX 4839,
P. 24.)

Beginning in 1970, CDC added to those activities the
marketing of IBM plug-compatible peripheral devices., Its first
major offering was the "23141" disk subsystem, designed as a plug-
compatible replacement for IB!M's 2314; the 23141 was marketec directly
to IBM end users by CDC. (G. Brown, Tr. 51208-09, 51095; PX 4762, .
3.) In early 1971, CDC 2also entered into an agreement with Telex =0
manufacture 3330-tyne disk drives, which Telex would market with its
control units to IBM end-users. (See zp. 1005 below.) Also, CNC
began marketing IBll-compatible add-on memory manufactured by Fabri-
Tek. (Tr. 51008-09, 51486-39.)

Following IBM's FTP anncuncement in May 1971, CDC announced
a variety of new lease options to users poth of CDC's own EDP

equipment and of its IBM plug-compatible, equipment lines. (G. Brown,

" - . P 3 E O 4 -7 = & -
fcrced %0 zralyze the leases that we wers orferxilng TO
. Ly e - . o [ q =1
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own leasing policy and introduce a plan that [CDC] called
the 3-1 Lease Plan. . . . [I]ln other words, [CDC] countered
that two-year lease plan of IBM with [CDC's] own three-year
lease offering, a 15% reduction.

"We felt this was necessary to remain competitive."
(Tr. 52598.)

In 1971 CDC announced a "double density" 2314-type disk
subsystem. CDC marketed this product both on a plug-compatible
basis as the 23122 to users of IBM computer systems and on an OEM
basis as the 9742 to such customers as Siemens, ICL, CII, XDS,
and Telex. (G. Brown, Tr. 51003, 51008-09, 51079-84, 51096;

PX 4753, p. 2.) Gordon Brown explained why CDC developed the
double density 2314-type disk and the success of the product:

"We envisioned a very large market, both in the CEM

area and in the IBM plug compatible area. We viewed this
effort as primarily an enhancement to the 2314 type of drive
and felt that it would be very attractive and very marketable
if it was properly designed and proved to be reliable in
operation. And this indeed was the case. It was sold in

large quantities OEM-wise and proved to be highly successful

as a plug compatible offering to users who were still committed
to a 2314 type of subsystem." (Tr. 51083-84.)

CDC encountered some problems, however, with its new
IBM plug-compatible business. Although there was good market
acceptance for the 23141 subsystem (PX 4762, . 3), profitability
was reduced because "[g]uite honestly, Control Data was late to
market" the product. (G. Brown, Tr. 51009.) Also, CDC's initial
3330-type drives were unacceptable to Telex and their OEM deal was
cancelled (see pp. 1005-06 below) and CDC exverienced "a fairly high

degree of problems" with the Fabkri-Tek supplied memory for attach-

ment to System/360 Models 50 and 65. (G. Brown, Tr. 52616-23.)
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In 1972-73, however, CDC made a corporate decision to
expand its IBM plug-compatible peripherals product lines.
(G. Brown, Tr. 51003, 51164-65, 51459.) Hence, in 1973, CDC
announced new IBM plug-compatible disk and tape subsystems
(Brown, Tr. 52048-62, 52084-89; DX 2373A, DX 2375), and began to
market IBM plug-compatible semiconductor memory equipment, this time
manufactured principally by AMS. (G. Brown, Tr. 51456-58.)

From a financial viewpoint, CDC's computer business ended’
years of outstanding growth with a recorded $46 million loss in 1970
(DX 306, p. 20), said to be "due to poor computer business operatihé
results and to year-end adjustments and write-offs in the computer
business”". (DX 435, p. l.). By 1972, however, CDC's business
returned to a profitable course. (DX 306, pp. 7, 20.)

c. Digital Equipment. By 1970, DEC had grown to a company

of over $130 million in revenues and was manufacturing several lines
of computer systems. (See pp. 722-32; 735 above.)

In January 1970, DEC introduced a new family of computers,
the PDP 1ll. Two models were announced: the 11/15 and 11/20. Within
six months, DEC had received over 500 orders (DX 511, pp. 2, 8), and
by August 1971, had installed ﬁore than 1,200 PDP 1l systems world-
wide. (DX 512, p. l.) DEC enhanced the line in late 1970, and
throughout 1971 and later, adding proces§ors (including the 11/10,
11/40 and 11/45), peripherals and software and then cutting prices
in 1972. (DX 510, pp. 6, 11; DX 512, pp. 1, 4, 5; DX 514, pp. 6, 8,

12.) Also in 1972, DEC announced a version of the PDP 1ll, the
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"Datasystem 500", with a "separate type of packagling]" for business
data processing. (See pp. 730 above.)
The PDP 11 family including, in those years, the PDP 11/45,

could be configured into systems which were offered in competition

| with products ranging from the IBM 1130, System/3 and System/7

systems, to the "lower numbered members of the 360 and 370 series",
which DEC "looked at" in pricing these products. (Hindle, Tr. 7354-
55; PX 377-A.) The range of "representative applications" for the
PDP 1l family of systems included "Business Data}?roces§iqg",w"Realw
Time Data Collection & Instructiénal Computing"”, "Industrial Control”

"Commercial Typesetting" and "Data Communications". (PX 377-A.) The

‘ larger PDP 1l systems, such as the 11/40 and 11/45, were marketed 1in

competition with IBM's System/360 and 370 systems, both as one-for-

‘one competitive alternatives, and in configurations also including

DEC's larger PDP 10 equipment, announced in the 19603. (PX 377-A;
Hindle, Tr. 7430; see p. 727 above.) In those larger systems, the
PDP 11l might function as an intelligent terminal, giving users remote
from the central computer installation substantial loéal nrocessing
capability. (Hindle, Tr.- 7430.) DEC's 1973 Annual Revort stated:
"The PDP 11/45 has nroven popular with end-users as an alternative to
large-scale computers". (DX 510, p. 6.)

Also in the early'l9705, DEC continued to enhance

its successful PDP 8 line, first introduced in 1964. (Hindle,

Tr. 7332; see pp. 722-27.) Those enhancements included the
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announcement of the "Datasystem 300", for "business data.pro-
cessing". (See np. 725-26 above.)

Hence, in the opening years of the seventies, the PDP 8
line was being marketed to "a wider variety of customers",
including "communications customers, business data processing
customers, newspaper typesetting customers". (Hindle, Tr. 7332.)
The PDP 8 computers were offered in competition with a variety of
IBM equipment, including the System/3 and IBM 360 and 370 sys- |
tems. (Hindle, Tr. 7439, 7442;. PX 377-A.)

Then in September 1971, DEC announced large-scale
systems called the bECsystem 10. It announced five DECsystem 10
processors with configurations ranging in purchase price from
roughly $390,000 to $2 million. The systems were, according to
an IBM analysis sent to IBM's President, Frank Cary, and to John
Opel, IBM's Senior Vice President, direct competitors of the IBM
System/370.Models 135 through the Model 165. (DX 9406, p. 4; DX
514, pp. 6, 10.) The DECsystem 10 was based on DEC's PDP 10 processorx
(See pp. 728-29 above.) The COBOL programming language and certain
additional peripheral equipment and software, enhancing the
system's batch processing capabilities, were added to the PDP 10
"to make it more successful in the busineSs’data processing
marketplace". (Hindle, Tr. 7360, 7420-21.) DEC adopted the
"DECsystem 10" nomenclature in order to give the machines a new

"marketing emphasis". (Hindle, Tr. 7419-20.)
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At the time of the DECsystem 10 announcement, Cary
wrote to John Opel:

"I think this is a very significant announcement.
The selective marketing, accompanied by essentially an
equity marketing approach to the customer, as well as
a more economical development program for operating
systems, makes DEC a major competitor in my book."
(DX 9406, p. 1, emphasis in original.)

In 1971, DEC's worldwide revenues rose "modest[lyl" to
almost $147 million from roughly $135S million in 1970. DEC's
management attributed the company's "modest" performance to the
"condition of the general economy”. (DX 512, p. 1.) In 1972,
DEC "posted increased sales and earnings . . . despite the slow
recovery of the national economy"; its worldwide revenues were up
to $187.5 million. (DX 514, p. 6.) DEC's domestic EDP revenues
in that year were about $140 million. (DX 8224, p. 142.)

d. Honeywell. During 1970, Honeywell announced and

completed its acquisition of a large part of General Electric's

worldwide computer manufacturing and marketing organizations.

(See pp. 542-46 above.) For the full year 1970, Honeywell

the combined data processing revenues of General Electric and

Honeywell in the preceding year. (DX 122, p. 33.)

In its 1970 annual report, Honeywell emphasized that:

"The most significant event of the year was the successful merger

=992~

Information Systems (HIS), the company's major computer subsidiary,

had revenues of $859 million, which represented a 13% increase over
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of General Electric's computer business into Honeywell, giving

us growth in this fast-moving field that otherwise would have

- required at least five years." (Id., p. 6.) In 1973, James

Binger, then Chairman of Honeywell, echoed those views, saying
that the Honeywell/General Electric merger may have been:

"the most significant milestone in Honeywell's history,
and it also is regarded as one of the largest business
mergers ever transacted.

"The result of the merger was to substantially increase
the total size of Honeywell, double the size of Honeywell's
computer business and establish Honeywell firmly in second
place in the worldwide marketplace for computers." (DX 130,
p. 14.)

In the first years of the seventies, Honeywell appeared

 to have lost little time in bringing out new products.

In February 1971, within months of IBM's, Burroughs' and |

- others' announcements, HIS announced the 6000 Series, a family of

'systems with six different processors, offering improved perform-

ance over the older GE 600 line and improved peripherals, including

newer disk subsystems of the IBM 3330 and 2319-type, tape subsys-

' tems, communications controllers and display terminals. (Binger,

Tr. 4586-87; DX 163, p. 34; DX 14409, p. l.) The Series 6000

utilized General Electric's existing operating system software

(GECOS), developed originally for the GE 600 family. (Weil,

Tr. 7217-18; Withington, Tr. 56140, 56149.) Orders for the 6000
Series quickly "exceeded [Honeywell's] expectations”, according to
the company's annual report. (DX 163, p. 34.) According to the

company, "significant new customers" were won in the U.S. Government
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for the 6000 Series, with over 45 systems shipped or ordered in
1972-1973; the H6000 "continues to be one of the most successful
computar series ever marketed by Honeywell". During 1972, "the
main memory capacity of these systems was quadrupled in order to
meet the growing needs of large system users". (DX 10031, p. 32.)
Then in January 1972, Honeywell introduced a second major
new product line, the 2000 Series to replace its older H200 Series,
which had been so successful in the 1960s. (See pp. 619-26.)
Honeywell management recognized the competitive need for
these improved price/performance computers. Later that year, in
October 1972, Mr. Patton, Vice President of Western Operations at
Honeywell (Binger, Tr. 4682-83), wrote:
"Generally, our overall image continues to be strong;
however, as our competitors such as Burroughs and IBM
- continue to announce fourth generation concepts in their new
equipment and software, i.e., 1700 virtual memory, 370/125,
our customers and prospects are beginning to ask when is
Honeywell going to announce its new product line. . . . We

definitely require the 2020 and 2030 if we are going to
continue our new name penetration at that level.” (DX 127,

p. 1.)

The 2000 Series was a family of systems which offered
"advanced performance capabilities in data communications and
data base management". (DX 163, p. 34.) 1Included in the 2000
Series announcement was the introduction of a new, programmabie
communications processor, the DATANET 2000.* According to

Honeywell:

* IBM's programmable communications controller, the IBM 3705,
was announced a few months later, in March 1972. (See pp. 1043-45
below.)
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"An advantage of the Series 2000 is an advanced
data communications controller, the DATANET 2000. It
manages the transmitting and processing of data in the
2000 System arriving from many locations at frequent
intervals. More than 12 per cent of Series 2000 orders
worldwide include this important new subsystem, illus-
trating the growing significance of data communications
to medium~-scale computer users. The heart of the DATA-
NET 2000 is a minicomputer developed and produced at
our Framingham, Massachusetts facilities." (DX 10031,
p. 32.)

As to the 2000 Series equipment as a whole, Honeywell

reported in 1973 that its shipments "were at record levels",

including large orders at Ford Motor Company, the U.S. Internal

Revenue Service and the Italian Justice Department. (DX 165,

p. 15.) Over 30 percent of the 2000 Series orders reportedly

represented "systems to supplement existing [Honeywell] 200

computers or for new customers". (DX 10031, p. 32.)

e. NCR. 1In the years 1970, 1971 and 1972, NCR's cor-

porate earnings declined precipitously, from a $30 million profit

to a net loss of nearly $60 million. (DX 398, p. 1l; DX 341, p.

DX 354, p. 1.) According to its management, these earnings declines

were due to several factors:

(i) 1970: "1970 earnings were severely affected by
the slowdown in the U.S. economy . . . retraining expenses

and an unusually large $11 million write-off of inventories

for LIFO valuation". (DX 373, p, 3.)

(ii) 1971: "A lé6-week strike by the United Auto

Workers union which idlel 8,500 production and maintenance

1;

employees at the Dayton factory . . . . Year-end write-offs
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totalling $§17 ﬁillion after tax for (a) parts inventories
for certain older products . . . and (b) heavy costs
relating to the re-engineering" of a computer system.

(DX 341, p. 2; DX 373, pp. 3, 4.)

(iii) 1972: "The ﬂeavy year-end charges [$70 million]
were due primarily to NCR's transition from mechanical
products to new electronic products. They included
provisions for restating the value of paﬁts inventories
used in the manufactﬁre and servicing of older mechanical
products; for the costs of realigning manufacturing
facilities to meet the production requirements of new
types of products; for improving the performance of
certain existing products; and for the writeoff of
previously deferred marketing costs." (DX 354, p. 2.)

In 1973, NCR reversed its poor earnings record: its
corporate revenues increased by 17%, from about $1.5 billion to
$1.8 billion; its earnings rose from a loss of nearly $60 million
to profits of about $72 million, the highest profits in the com-
pany's history. (DX 339, pp. B, 1l.) And by that year, NCR had
all but completed its transition from mechanical to electronic
products and its computer business "moved into the black”.

(Id., p. 2.)

During the early 1970s, two significant developments

affected NCR's data processing business. First, in May 1972,

William S. Anderson became NCR's President and in July 1973 NCR's
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Chief Executive Officer. (DX 354, p. 1; DX 339, p. B.) Anderson
had formerly headed NCR Japan. (Id.) When he assumed control,
Anderson recognized that NCR was "in trouble". He stated that his
first task was to "arrest the steep operating profit slide which
began in 1970" and "to move the company successfully through the
transition from mechanical to electronic products". (DX 3354, |
P. 3.) In the first two years of his tenure, Mr. Anderson
directed extensive reorganizations of NCR's manufacturing,
research, development, marketing and administrative operations.
He also made a number of management changes and reduced the size
of NCR's work force. (DX 354, pp. B, 2-3; DX 339, pp. 2, 4, 5-6.)
Second, during these years NCR made no major "systems”
announcements of the type undertaken by IBM, Burroughs, DEC,
Honeywell and others. NCR had been late in announcing its third
generation family, the Century Series, and did not begin shipments
until 1968. ( See pp. 660-68 above; DX 340-2A, n. B.) In 1970 and
1971, NCR did not try to repolace that line, but instead, announced
two new additions, the !Models 50 andé 300. (Hangen, Tr. 6327-29; DX
398, pp. 5, 13; DX 341, ». 17.) The compmany also expanded its net-

work of data services. (DX 398, p. 4.)*

* Prom a nucleus of three domestic data centers in 1960, by 1970
NCR had established a worldwide network of 80 such facilities.
During the early 1970s, these centers steadily increased their
volume of data processing applications. (DX 398, p. 4.) The data
centers performed a "variety of types of work", including merchan-
dising, inventory control, banking and payroll applications.
(Oelman, Tr. 6163.)
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The other new computer products NCR announced at the
outset of the seventies were industry-oriented terminal subsystems
and their associated on-line control software.

In 1970, the company introduced the NCR 280 Retail System,
another example of an "intelliéent" terminal system, similar in
concept to Burroughs' "TC" equipment. (Oelman, Tr. 6141; see
PP. 651-52 above.) Oelman testified that an "intelligent" terminal

has the capability of performing standalone processing, while a

- "dumb" or "interactive" terminal can only function in conjunction

with a computer that provides processing capability. (Tr. 6182-83.)
The NCR 280, as announced, included input/output equipment (even
electronic "wand[s]"), data storage equipment and communications

equipment, together with the necessary software to permit the

‘subsystem to operate as part of larger NCR computer systems.

(DX 398, p. 3; DX 375, p. 3; DX 409, pp. 1, 4, 5; DX 425aA, p. 2.)
By 1971, the 280 System was highly successful. (DX 341, p. 3.)

In 1971, NCR introduced its 270 Financial System, a
series of teller-terminal subsystems that could be linked directly
"on-line" to NCR central processing units. The 270 was, according
to NCR's management, the most advanced system developed for the
handling of customer transactions in savings institutions and
commercial banks. (DX 341, p. 3.)

Also in 1971, NCR announced the 399 Series, which was
said to combine "the advantages of a general-purpose, operator-

oriented accounting machine with the speed and computational
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abilities of a computer". (DX 341, p. 3.) Also in 1972, NCR
introduced an enhanced version of the 270 financial terminal
subsystem, the 275, which was a free-standing financial terminal

for commercial banks. The subsystem could be used either as an

independent unit or as part of a single computer system in the

event the using bank moved to an on-line configuration of its
computer system. (DX 354, p. 7.)

NCR's growing experience and capability in the on-line
approach to data processing, involving remote storage, processing,
communications and supporting control programs was the kind of
capability that later turned out to be highly relevant to the
development of distributed processing systems. Moreover, terminal
subsystems were one éf the most rapidly growing products in the
data processing industry in the 1970s. NCR's management observed
in 1973: "Just as the computer provided the most dramatic advances
in information processing during the 1960s, so the data terminal

is emerging as the key development of the 1970s." (DX 354,

p. 7.)
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£. Sperry Rand. In November 1970, Univac announced a

new large-scale general purpose processor, the 1110, with "advanced
proven software", "for today's full range of applications, whether
local or remote, batch, time-sharing or real-time, business or scien-
tific". (DX 8060, p. 1; see Cary, Tr. 191618-21; DX 14410.) This
system built on the success of the company's 1108. (See op. 477-81
above.) However, Sperry apparently perceived itself_as trailing
behind I3M in processor design. In a 1971 memorarndum, Dr. J. P.
Eckert, one of the pioneers in computing, wrote to McDonald of

Sperry Rand:

"The engineering problem that Univac faces is that every
program to build a large computer and much else, has bkesen a
sort of 'crash' program. In the case cf the 1110 and 1195,
the crash has not been due to any lack of time or facilities
or manpower, but just due to awful planning and poor tech-
nical foresight. The 1195 is now being gplanned as a 'cache
memory' machine which, except for some interssting and
valuable improvements in the cache design and an adaptation
of the cache design to Univac 1100 series and 490 series
technigues, is simply following IBM's lead almost exactly.
Now what doesn't make sense is this. I3M gave out at
talks, and in papers, sufficient information to enable us to
go the cache memory route if we liked in 1968. The plans
for the 1110 were not very advanced at that time, In addi-
tion to the information in IBM's own .publications, Dr.
Spandorfer and I attended meetings at which Gibson of IBM
explained the cache memory and we of course, relayed this
additional information to Univac. No serious work however,
apparently took place on a cache memory until about six
months ago. In other words, we knew akout the cache memory
three vaars ago sut only locked into the matter sericusly,
six months ago. Now on the 1195 we find ourself nct only
copying IBM but we have wasted two and a half years of lead
time in the copying we are doing." (DX 9, p. 1, emphasis
in the original.)

.- ) o e .
In 1971, IBM emploveses and ths trace press reporced tiat
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» RCA ecuipment had yielded to Sperry a
" rentals and maintenan

smillion" an

i at discounted rates (April), and packagad configurations (August

and October). (DX 14225; DX 14226; DX 14227; DX 14283; DX 14382.)
In November 1971, Univac introduced the 9700 computer

in its 9000 line. (DX 3285, p. 3.) Also in November 1971, Sperry

and RCA reached an agreement in principle for Sperry to acguire

RCA's computer business. (PX 406, p. l; see generallv, pp. 613-14

iabove.) The agreement, which was finalized in December 1971, called

for an initial payment by Sperry of $70 million, and a future ver-
centage of revenue payments that would total up to $60 miilion.

(PX 406, p. 1l; Conrad, Tr. 14130.) According to Sperry's management
the acquisition of the RCA business enhanced Univac's competitive

position in the computer industry. (PX 406, p. 2.) RCA then had

(&)

more than 1,000 computer installations and in excess of 500 customer:
(PX 406, p. 2.) J. Paul Lyet, Sperry's Chairman, and Robert E.

McDonald, President, reported to the stockholders that in calendar

‘year 1972 Univac had shipped "more than $130 million in new eguipmen-

. . . to these users [RCA customers]. . . . We are continuing to

build ‘'bridges' between the RCA systems and Sperry Univac's line".

A3 noted above (pp. 616), as of Decemker 1974, the
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was still on rent. (McDonald, Tr. 4045-46.)

In 1973, Sperry Rand made another important acquisi-
tion: Information Storage Systems (ISS).

In 1973, ISS was a major manufacturer of computer disk
subsystems. (See p. 329 aﬁove.) Its acgqguisition provided
Univac with signifidant in~-house peripheral capability. At the
time of the acquisition, ISS was also a major supplier of IBM
plug-compatible disk products to such firms as Telex, Itel and
Storage Technology Corporation. (McDonald, Ti. 4056-64; DX 86A,
D. 2. (Appraisal section).) As part of Univac, ISS continued to
supply plug-compatible replacements for IBM disk products and also
became the developer and manufacturer of disk subsystems for use in

Univac systems. (ilcDonald, Tr. 4061-62.) Univac's anpraisal of the

oroposed acquisition emphasized the fact that in terms of disk

storage capability, without ISS Univac was "lag[ging] behind industry
leader (IBM] by two’ years". (DX 86A, p. 1 Ampraisal Section.)
That appraisal also forecast an

"additional profit of $50 million resulting from the sale of
additional computer systems resulting from the competitive
advantage the [ISS] advanced products give us over our
present capabilities and methods. While this is subject to
judgment factors, there is no doubt the more timely avail-
ability of competitive products will enhance the market-
ability of entire computer systems as well as the disc
subsystems themselves." (DX 86A, p. 1l.)
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62. IBM plug-compatible peripheral equipment manufacturers

The firms which had been manufacturing plug-compatible memory and
peripheral equipment for IBM System/360 computer systems were
compelled to respond to IBM's introduction of System/370 in 1970 and
1971, particularly in those areas where each of the PCM's had been
marketing prbducts.

In these years, a number of manufacturers first began
to offer IBM plug-compatible equipment, including CDC, with its
expanded peripherals business, Univac, throuéh its acquisition of
ISs (see p. 826 above) and Storage Technology, a new company,
and semiconductor firms who were being attracted to the computer
industry, like National Semiconductor and Intel. (See pp. 1200-08
below.) And at the same time other existing manufacturers
of IBM plug-compatible peripheral and memory equipment also attémpted
to match IBM'S System/370 product and pricing actions.

a. Telex. Telex was one of IBM's earliest "plug-compati-
ble" peripheral equipment competitors (see pp. 763-65 above) and
reacted gquickly to IBM's 360 and 370 announcements in 1970-71.

Tape Subsystems. One day after IBM announced its 3420

tape subsystem in November 1970, Telex told its salesmen that it

would have comparable products ready for delivery "very shortly

after IBM deliveries". (DX 1780, emphasis in original; see JX 38,
p. 98l.) In December 1970, Telex formally announced its 6420/6803
tape subsystem, a plug-compatible version of the IBM 3420/3803. (DX

4242, p. 8; DX 1699; DX 1746; DX 4756B, pp. 126, 128.) Telex had
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also hired Howard Grﬁver away from IBM. Gruver had been IBM's
Product Engineer with responsibility for development of the new
3803 tape drive control unit, announced with the 3420 in November.
(DX 1699; DX 5155, Gruver, pp. 44-45, see also pp. 197, 206-07.)*
Telex began delivefies of the 6420/6803 subsystem in
November 1971, and in 1972 reported that it was one of Telex's "most
successful product introductions". (PX 5602, pp. 8-9.) Shipments
of the 6420/6803 subsystem through 1972 exceeded Telex's announce-
ment forecast: over 2,000 6420 tape drives were shipped by December
1972, as compared to the 1,575 that had been forecast in November
1970; nearly 700 6803 controllers were shipped by December 1972, as
compared to the 520 originally forecast. (DX 4240, p. 1l.)
Telex also responded to IBM's Fixed Term Plan announcement
of May 1971
"by announcing additional downward adjustments in its own lease
rates, effective July 1, 1971. The new Telex rate reductions
are incorporated in formulas which relate to length of lease
term and other variables. In general, however, they preserve

historical rental differentials between Telex units and
comparable IBM units." (DX 4242, p. 6.)

Disk Subsystems. In 1969, Telex began marketing IBM plug-

compatible 23l4-type disk subsystems manufactured by ISS. (James,

Tr. 35092-94; DX 4250, p. 4.) In the fall of 1970, following IBM's

* As early as April 1970, at a "Business Planning Staff Meeting",
top Telex management decided that the company would "[i]dentify and
recruit from IBM a product engineer with tape controller experience
and 'Aspen' capability." (DX 1676.)

When Telex salesmen were told they would "very shortly" have
'a 3420-type product, the "tangible evidence" was said to be
‘Howard Gruver. (DX 1780.)
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3330/3830 disk announcement in June, Telex began to recruit an in-
house 3330 development team (DX 4192) and in December, Telex hired
John K. Clemens, IBM's Merlin program manager, who was then involved
with IBM's "Iceberg", double capacity 3330 development program.
(Ashbridge, Tr. 34983-85; DX 1926, p. 23; DX 3260a; PX 4539.) Telex
also hired or recruited several other IBM engineers for its disk
development program.* (DX 4739: Wilmer, Tr. (Telex) 4266; 4292~
93; DX 4742, Revill, pp. 71, 74, 88; DX 9009: Ahearn, Tr. (Telex)
5326-28; DX 4738: Wade, Tr. (Telex) 4340, 4348-54.)

While that recruiting activity was under way, Telex also
tried to negotiate an OEM agreement with ISS to obtain 3330-type IBM
compatible products; that effort was unsuccessful. (James, Tr.
35092-97.) Telex then turned to CDC, with which it reached agrée*
ment ip early 1971 to obtain 3330-type disk drives to be marketed
by Telex with Telex's own 3830-type controllers. (James, Tr.
35097-98; DX 1925; DX 4242, p. 6.) However, as late as February
1972, approximately six months after IBM had begun shipments of its
3330/3830 subsystem, CDC's disk drive development failures made it
apparent to Telex that the project was unlikely to succeed. (See DX
4181; DX 2373-A.) During this same time, Telex was still encounter-

ing difficulties in producing the control unit for the CDC drives

.

* In June 1972, Telex's discussions about recruiting for disk
expertise indicated Telex would continue the practice of hiring IBM
employees to get IBM talent "in order to stay current". (DX 1737;
DX 4286.) They were not after "skill per se, but information".

(DX 1895, p. 3.)
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(DX 1532) and terminated its in-house program, after learning-it
could purchase the controllers more cheaply than it could manufacture
them itself. (DX 1720; DX 4107, Williamson, pp. 269-=70; DX 4742,
Kevill, pp. 290-95, 319-21.) Key Telex employees, including Clemens,
left the company because of’the failure of the in-house controller
efforts. (DX 1758; DX 4742, Kevill, pp. 313, 317, 448-50.) Telex
ultimately acquired 3330-type products from ISS (Navas, Tr. 40243;

PX 4354, p. 57; PX 5602, p. 8) but was able to ship less than 200
units by the end of 1972. (DX 4240, p. 2.) '

Telex's Difficulties. From its fiscal year ending

March 31, 1969 to the year ending March 31, 1970, Telex had reported
dramatic rises in revenue (+68%), in net income before taxes (+288%)

and in net income after taxes (+285%). Beginning in fiscal year

1971, however, that picture changed significantly. In fiscal year

1971, Telex's reported net income before taxes decreased by 6%
and net income after taxes increased by only 5%. And, in fiscal
year 1972, Telex's reported revenues were down 10 percent and
net earnings before taxes and net earnings after taxes were down
59% and 57%, respectively. Finally, in fiscal year 1973,
reported revenues had dropped to $§68.1 million and Telex
reported a loss of $13.3 million. (DX 4250, p. 2; DX 4242,

p. 4; PX 5602, p. 16; PX 5603, p. 2.)
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Several factors contributed to this business reversal.*

First, in May-August 1971, Telex had a production line
strike. (Ashbridge, Tr. 34993-94.) The strike "created serious
problems" for Telex's field service personnel affecting field
service costs and morale, and customer satisfaction. Worker
dissatisfaction prior to the strike, and the recruiting after the
strike contributed to Telex's quality control problems. (DX
1748A.)

Second, in 1970-1973, Telex had manufacturing and
performance problems with its older 5420 tape systems, a PCM
version of IBM's 2420, as well as with the company's newer 6420.
(DX 1884; DX 1736; DX 1949; DX 1948.) By mid-1972, Telex field
executives viewed the entire 6420 program as "a major disaster™,
and considered the quality of parts, etc., to be "pitiful". (DX
1765.) During these same years, Telex's manufacturing operations
were in serious difficulty. (See DX 4742, Kevill, p. 1l1l5; see
also DX 4106, Ice, p. 706; DX 5155, Gruver, pp. 127-128, 133,
144-51, 155, 344-49; DX 4733, Justice, pp. 157-59; DX 4735,

* The financial data from 1970 and 1971 included "front-loading"
of income that accounting experts then found improper under generall
accepted accounting principles. (See Briloff, Tr. 80723-24,
80992-95, 80998-99; Davidson, Tr. 98713-29; DX 1612; DX 3786:
Briloff, Tr. (Memorex) 1l4-17, 20-26.) In 1971 and 1972, Telex
becan to change its accounting methods; had Telex used appropriate
accounting methods to begin with, its reversals beginning in 1971
would not have apveared so precipitous. (Briloff, Tr. 81197-202;
Davidson, Tr. 98719-20, 98726-29; DX 4242, p. 17; PX 5602, pp. 21-
22.)
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Jones, pp. 159-60; DX 4168.)

In the spring of 1972, when James became President of
Telex Computer Products, he was immediately given responsibility
to "correcttthe ([sic] failure of our manufacturing department to
produce quantity and,quality'of tape drives comparable to our
competitors™. (DX 1878; DX 1878A.) By then, Telex's manufacturing
operations were "in a state of near disaster and on the verge of
total collapse". (DX 4279; see DX 4107, Williamson, pp. 694-97;

DX 1855.) 1In May 1972, Wheeler, Telex's Chairman of the Board,
informed the Telex Board that Telex had "fall[en] into a period
of little shipments.becauSe of lack of new product. . . . In the
past we see a steady buildup through 1970 to mid-1971 of product
being shipped . . . and then through the balance of 1971 and into
early 1972 we do not have product to ship." (DX 1742.) Wheeler
indicated that during this "product valley",-Telex‘s quarterly
sales value of computer peripheral equipment had fallen from
about $25 million in the first quarter of 1971 to an estimated
$9.8 million in the first quarter of 1972. (DX 1742; see also DX
4273, p. 3; DX 5155, Gruver, pp. 357-65.)

While Telex was experiencing these manufacturing and
reliability problems, other plug-compatible competitors were
announcing and delivering newer products and offering new terms and
conditions, particularly a new company, Storage Technology Corpora-

tion (see pp. 1011-15 below):
(1) In the weeks prior to April 1972, STC displaced
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more than a hundred Telex tape drives primarily because of
Telex's inability to deliver its 6420/6803's. Wheeler termed
Telex's low productivity a "debacle". (DX 1533; see Ashbfidge,
Tr. 34997-99; PX 3981: Ashbridge, Tr. (Telex) 610; DX 1946;
DX 1731.)

(ii) By April 1972, Telex salesmen had been told to decline
any orders for delivery of the 6420s until September 1972;
Telex managenment realized that this was "an inexcusable tragedy
that would result in further losses to STC and was "a direct
reflection upon the management competence of Telex". (DX 4164.

(iii) Later in 1972, STC bid against Telex and won on a
five-year lease of 218 tape drives and 24 controllers to the
Ford Motor Company, at prices 10 to 12 percent below Telex's
prices. (See DX 1732.)

(iv) It was not until December 1972 that Telex was able to

equal STC's production of tape units. (See DX 4279.)

During the early 1970s, Telex's disk subsystem difficul-
ties--already mentioned--were also particularly significant, since
the "financial success" of Telex's fiscal year 1973 business plan
depended "to a large extent"” on its expected disk shipments. (DX
1683.) And in this area, as in tape systems, Telex found it difficul
to match the price reductions of its ?ompetitors. (See DX 4123; DX
1749; DX 1768.)

Telex's turnarocund. During Telex's fiscal year 1974, the

company increased its revenues to above its 1971 levels but still
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reported a loss. (PX 5604, p. 2.) The next year, however, the
company returned to a.profitable position, with revenues of

$106.1 million. (PX 5605, p. 2.) 1In 1977, Telex reported revenues
of about $120 million (PX 5607, p. 2) and by 1979, revenues were
$148.2 million. (DX 13690, p. 18.)

As of 1975, Telex was marketing:

"tape drives, disk drives, printers, memories and communica-
tions controllers all of which . . . are intended to be and are
directly plug-to-plug compatible with the central processing
units . . . manufactured by . . . (IBM). The above equipment
is either designed and manufactured by [Telex] or it is pur-
chased from other suppliers and marketed by [Telex] to the
computer end-user. [Telex] also engages in the business of
supplying tape drives and tape and printer controllers to other
peripherals companies under what are known as OEM . . . con-
tracts." (PX 5605, p. 4.)

During the remainder of the decade, Telex further expanded
its product line. Much of that expansion resulted from a series of
acquisitions:

(i) In December 1976, Telex acquired the terminal product

division of United Technologies Corporation. Telex reported in
1979 that its Terminal Communications Division had used "the
latest advances in microprocessors and integrated circuit
technology" to develop "new terminals with capabilities not
thought possible a decade ago." (DX 13690, p. 5.) Among the
division's products was REACT (Remote Access Communications
Terminals), "a programmable terminal which dramatically enhances

the communication network and thus reduces total operating

costs of users with their own message switching networks."
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(Id., p. 6.)

(ii) In January 1977, Telex acquired Gulliver Technology.
"[Tlhe combined engineering efforts" of the two companies
resulted, in 1978, in the introduction of a 6,250 bit per inch
tape drive "for use by minicomputer manufacturers for their
tape drive needs." (DX 13689, p. 3; DX 13690, p. 4.) The
following year, Telex introduced an "end-user version" of this
same tape drive (DX 13690, p. 4), which, like its OEM counter-
part, featured data storage density for "minicomputers"™ equiva-
lent to the top of IBM's tape drive line, the 3420-4, 6, 8 or
"Birch". (See pp. 1054-55 below.)

(iii) 1In 1978, Telex acquired General Computer Systems
(GCs). (DX 13689, p. 4.) GCS' major product was the 2100,
which

"utilizes terminals employing keyboards and video display

tubes linked to a central processing unit which also

supports magnetic disk drives or tape drives, card
readers, communications lines, line printers and other
devices. . . . The system enables operators to detect and
correct errors, do mathematical computations, and format

processed data at the time it is entered." (DX 13689, p.

5.)

b. Storage Technology. Storage Technology Corporation

was founded in August 1969 by Jesse Aweida‘and three other men

who left IBM's tape subsystem developmenﬁ program in Boulder,

L]
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Colorado, to set up the new company.* (Aweida, Tr. 49099—49101;
DX 2151; PX 4702, p. 4; PX 4708-A, pp. 15-18.)

The start-up investment for STC was about a quarter of
a million dollars; supplied by the founders and J. H. Whitney and
Company, a venture capital éoncern. (Aweida, Tr. 49099-100; PX
4705; PX 4708A, pp. 8, 15-18.) Between January 1970 and Januéry
1971, private placements of STC stock raised an additional $6.2
million. (PX 4702, p. 4; PX 4705.) 1In June 1971, the company's
first public stock offering raised another $3.75 million. (PX
4702, p. 4.) Another public offering in 1972 brought in $8.2
million and in that same year, STC secured a $20 million credit

line from a group of banks, including Citibank in New York. (PX

4702, p. 5; PX 4699, p. 5.) In October 1973, the credit line was

-increased to $40 million. (PX 4701, p. 5.)

The company's first product was a line of IBM :24XX plug-

compatible tape drives, announced and exhibited in May *1970, nine

* Prior to leaving IBM, Aweida had been the program manager of
IBM's 2420 Model 7 tape drive. (Aweida, Tr. 49080-8l.) Aweida
testified why he left IBM to form STC:

"I felt there was a market opportunity for me to establish
a new business, run my own company, and make a lot of money.

. . . .

"At the time it looked like the high performance tape
drive market was expanding, and there was a lot of demand for a
good product in that area." (Aweida, Tr. 49099.)

Also, many of STC's key engineering personnel were former IBM
employees. (PX 47084, p. 2.)
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months after the company was formed. (See PX 4702, p. 4; Px
4708A, p. 2; see also Aweida, Tr. 49112; PX 4699, p. 6.) The
first deliveries of those products were made just four months
later, in September 1970. (Aweida, Tr. 49112; see PX 4708A, p.
2; PX 4702, p. 4.)

Later that same year--within one month of IBM's 3420 tape
subsystem announcement--STC announced an IBM 3420 "equivalent”
system. (PX 4708A, p. 7; see PX 4699, p. 6.) According to STC,
"the IBM [3420/ 3803] announcement with its emphasis on advanced
features and a total subsystem approach . . . clearly brought STC to
the fore as one of the strongest competitors to IBM". (PX 4708A, p.
51.) In the words of STC management at the time:

"In summary, while the IBM announcement of the 3420/3803 line
of tape equipment represents a significant move by IBM, STC
management is confident that the net effect on STC is a posi-
tive one. It is expected that the market will expand for newer
more advanced tape subsystems which STC offers. The increased
qguantity will result in some increase in financial requirements
to finance the leased equipment in 1971 and 1972, but should
result in an increased level of growth and profit over the next
three to five years." (PX 4708A, p. 53.)

In fact, STC grew phenomenally in the early 1970s and
beyond. (see pp. 1121-24 below.) In 1970, STC had no revenues.

(PX 4699, pp. 4, 8.) 1In 1971, STC had revenues of about $3.6
million. (Id.) Then in 1972, STC's revenues jumped to $28
million. (PX 4703, p. 3.) By 1974, revenues had climbed to over
$75 million (PX 4702, p. 15)=--about threé‘times what was projected
by STC's investment bankers in 1969. (DX 2181, p. 17; DX 2183;
Aweida, Tr. 49781-83.)

This growth was fueled by an aggressive product and market-
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ing program:

(i) In 1971, STC signed an agreement with Decimus Corpo-
ration, a subsidiary of Bank Americorp, for Decimus to purchase
up to $21 million worth of STC equipment over three years,
leased to end users. .(PX‘4699, p. 5; Aweida, Tr. 49198.)

(ii) In 1972, STC announced a new IBM-compatible tape
drive, the 3480, reportedly featuring greater speed and transfer
rate than any of IBM's 3420-series tape products. (PX 4700,
p. 8; PX 4701, p. 27.)

(1ii) In September 1972, STC branched into disk products
and began shipments of 3330-compatible disk subsystems that it
acquired from ISS. (See PX 4699, pp. 5-6; PX 4701, pp. 9, 297
PX 4700, p. 9.) | '

(iv) Still in 1972, STC began to market IBM plug-compati-
ble semiconductor memory, acgquired from Intel. STC's first
memory producté weré semiconductor replacements for IBM's core
memory on the 370/155 and 165 processors. (PX 4700, p. 10;
see also PX 4703, p. 25.)

(v) In January 1973, STC formed a subsidiary, Disk
Storage Systems (DSC), to develop and manufacture disk sub-
systems and in October of that year announced its first disk

product developed in-house, the 8000 Series Super Disk.* The

* The 8000 Series was originally planned for customer shipments
in the fall of 1974, but because of develcpment problems, actual
shipments were delayed until early 1975. (Aweida, Tr. 49342-44; PX
4701, pp. 5, 29, 31; PX 4702, p. 26.)
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8600 Series offered storage capacity of up to 800 million bytes
per module--four times that available with IBM's 3330 disk
drive, announced in June 1970, and twice that of IBM's 3330-11,
announced in July 1973. (DX 1437; PX 4539.) According to STC,
in certain configurations the 8000 Series offered savings of as
much as 50 percent over IBM's 3330/3830 subsystems of equal
storage capacity. (PX 4701, pp. 5, 29, 31; DX 10647; see
Aweida, Tr. 49342-45.)

(vi) In March 1973--the same month that IBM announced its

3420-4, 6 and 8 ("Birch") tape drives--STC announced plug-
compatible products of equivalent storage density and speeds.
(PX 4700, pp. 4, 8; PX 4701, pp. 4-5, 27; JX 38, p. 11047‘

DX 7358.)

In 1973 and 1974, STC expanded its product line still
further by marketing tape drives and controllers for use with
computers manufactured by companies other than IBM. In January
1973, STC entered into an OEM agreement with CII, a French computer
manufacturer, for STC tape subsystems. (PX 4700, p. 5; PX 4701, p.
27.) ‘In that September, STC introduced 3400 series subsystems for
attachment to Univac processors. (PX 4701, pp. 4-5, 27.) And in
October 1974, STC signed agreements with DEC, CII and Siemens to
supply their requirements for high performance tape subsystems. (PX

4702, p. 5; PX 4703, p. 14.)
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c. Memofex. Following IBM's announcement of its 3330/
3830 disk subsystem in June 1970, Memorex moved to develop a compe-
titive offering. (Gardner, Tr. 37265-66.) In October 1971, Memorex
announced its 3670 disk subsystem, which was a plug-compatible
replacement for the 3330/3830. (DX 4756C, p. 150; DX 10370; see
also Gardner, Tr. 36923, 37265-66.)

In late 1970 and through the spring of 1971 and beyond,
Memorex also announced price reductions first on its 2314 and then
on its 3330-type subsystems in response to price reductions by IBM
and other disk subsystem suppliers. For example:

(i) Competitive pressure from such companies as Telex,

CalComp and Ampex forced Memorex to "cut their rates signif-
icantly". (DX 1636 p. 1l; see Saalfeld, Tr. 44764-69; PX 4841,
pp. l4-16; PX 4472, pp. 12-13; DX 1495.)

(ii) Following IBM's 3330, 2319 and Fixed Term Plan
announcements, Memorex reduced prices on its disk products and
announced more attractive terms and conditions on its own
longer term leases. (Spitters, Tr. 42901-02; PX 3698;

PX 4472, pp. 1l4-16.)

In those years, Memorex experienced a continuing strong
demand for its disk products. For example, in its 1971 Annual
Report, Memorex reported that its "placements of [3660] disk file
equipment", Memorex's plug-compatible 2314 replacement, "were twice
those of the next leading independent supplier" (DX 1270, p. 5), and
in its 1972 Report, the company noted the "high level of customer

demand" for the 3670. (DX 1271, p. 13.) In the years 1973 through
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1976, Memorex's 3660 family of disk products was profitable in each
year and the 3670 line returned a profit of over $30 million. (DX
1526, pp. 2-4; see JX 59.)

The Memorex company as a whole, however, experienced
severe difficulties in the early 1970s. 1In 1970, Memorex's total
corporate ?evenues were about $79 million with net income of approx-
imately $3.2 million. The majority of these revenues came from
computer tape and media sales, not from EDP equipment. (DX 1269,
pp. 1, 17.) By the years 1971-1973 Memorex recorded substantial
losses. (DX 1270, p. 1l6; DX 1271, pp. 1-2; DX 1272, pp. 2, 1ll.) By
1973, Memorex also had senior debt, principally from the Bank of
America, totaling more than $180 million (DX 1272, pp. 5-7, 22-26,
36-38; PX 4341, pp. 14-18, 20-21), but had had to shelve at least tw
proposed equity offerings. (Spitters, Tr. 43095-96, 43106-07.)

Two significant factors contributed to these financial
woes: |

First, a series of product failures and revenue and profit
short-£falls:

(i) In 1970-1973, a principal part of Memorex's business,
the media business, disk packs, video tapes and computer tapes,
suffered from lowered demand, severe price competition and poor
management. (See, for example, Saalfeld, Tr. 44754-55;
Spitters,}Tr. 55129-30; DX 1269, pp. 1, 3, 17; DX 1604A, pp. 3-
4.) As a result, Memorex's mecdia revenue for the entire 1970-

1975 period fell nearly $450 million short of its projections
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in 1970. (See Spitters, Tr. 55223-26; DX 2559, pp. 40-41; DX
1273, p. 16; DX 1274, p. 24.) Spitters, Memorex's Chairman at
the time, admitted that in the media business, "[t]lhe results
were unsatisfactory”. '(Tr. 55131-33.)

(ii) In 1970, Memorex began shipping Computer Output Micro-;
£ilm (COM) equipment[ for use in computer systems (DX 1269, p.
2) , without a market research study and based solely on Spitters'
recommendation. (Spitters, Tr. 54295-300, 54310-11l; DX 1280,
pPp. 4-6.) In 1970, the company set a 1972 sales revenue goal on
the order of $250 million, in which its COM projections figured
importantly. (Spitters, Tr. 54295-98; 54310-11l; DX 1268, p. 5.)
Initial demand for the product, however, was weak. (DX 1269,
pp. 3, 10.) The results through 1973: a short-fall of nearly
$60 million, with the COM business achieving less than 10% of
its projections. (See Spitters, Tr. 54316-26; PX 4288, pp. 9,
29; DX 1282, p. 5.)

(iii) Through 1973, Memorex missed its sales volume projec-
tions by over $44 miliion in its new computer terminal business.
The program lost money and Spitters advised his successor,
Wilson, to cancel the program. (See Spitters, Tr. 55316-20; PX
4288, pp. 9, 29; DX 1282, pp. 5, 10-11.)

(iv) In 1972 and 1973, Memorex encountered manufacturing
and quality problems with its new IBM'plug-compatible disk
products. (See, e.g., DX 1461; DX 1463; DX 1l464; DX 1465; DX

1470; DX 1481.) For example, in December 1972 and early 1973,
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manufacturing was so seriously behind its original commitments
for the 3670 that the company's management feared a loss of
credibility and of customers; problems persisted until at least
November 1973. (DX 1465, p. 3; DX 1461; DX 1470; DX 1481.)

(v) 1In 1972, Memorex introduced two computer systems, the
Memorex Model 40 and 50. (DX 1271, p. 2.) At that time the
firm did not have adequate financing and Spitters later
admitted that Memorex's financing strategy for systems had been
wrong. (Spitters, Tr. 55090-98.) After delivery, the largest
single customer for the systems canceled because of the products
poor performance. That performance led the customer to con-
clude simply that the systems did not "perform satisfactorily”.
(DX 2560; Spitters, Tr. 55181-86, 55328-30, 55421-26; DX 3405;
DX 3404.) Memorex's systems program was canceled in July 1973.
(Tr. 32498 (Stipulation); DX 1272, p. 20.)

Second, a combination of recognized poor management,
management upheavals and adverse publicity over Memorex's accounting
practices contributed to Memorex's difficulties during the early
1970s and made acgquisition of additional capital difficult for the
company.

There had been public "skepticism" expressed about
Memorex's accounting practice of deferFing expenses for lease acqui-
sitions and for research and development even in the early part of
1970. (See, e.g., DX 1319; DX 3063-A; DX 3013; DX 2493, pp. 5-5; DX

2494, pp. 1-2; Spitters, Tr. 54256-53, 54263-68, 54337-41.) Matters
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became worse in November 1970, when, following a Wall Street Journal

article criticizing Memorex's accounting, the New York Stock Exchange

suspended trading in Memorex stock (Spitters, Tr. 54605), an SEC

» investigation began, and the SEC later sued the company and two of

its executives for securities fraud. (DX 1696A.) The government's
suit was settled in 1971, but private suits continued (DX 2469; DX

1628; DX 1629; DX 1630; DX 1631A) and more controversies arose over

' the firm's accounting practices until 1973, when these practices were

zchanged and over $37 million of accumulated expenses were written

off against current revenues. (See, e.g., DX 1272; DX 2504A; DX
2313A; DX 1632; DX 1643A; DX 1645A.)

Throughout the 1970-73 period, Memorex was the subject of
numerous articles questioning the accuracy and appropriateness of its
public financial reports. (See, e.g., Spitters, Tr. 55033-35; DX
1625A; DX 1628; DX 1629; DX 1630; DX 1631A; DX 1644A; DX 2504; DX
2504A; DX 2513A; DX 1643A; DX 1644; DX 1645A.)* These articles
damaged the credibility of Memorex andAits management in the

eyes of the country's financial community. (DX 2518, see

* Sidney Davidson, Arthur Young Professor of Accounting and
former Dean of the Graduate School of Business at the University of
Chicago, testified at length about Memorex's accounting practices.
Professor Davidson, who served on the Accounting Principles Board
("APB") of the American Institute of Certified Public Accountants
from 1965 to 1970 and was, for most of that period, Chairman of
the Subcommittee on Accounting for Leases (Davidson, Tr. 98692;

DX 9431), concluded that Memorex's accounting practices violated

generally accepted accounting principles in at least four areas,

which tended to overstate Memorex's earnings "materially" for the
years 1966 through 1972. (Davidson, Tr. 98754-61; DX 9435.)
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Rice, Tr. 45370-71.)

In these same years, the'banking and financial community,
including the key officers at the Bank of America, came to regard
Memorex's management as quite poor. (See DX 1604A; Saalfeld, Tr.
44816-25; Spitters, Tr. 55118-40; DX 2509; DX 2510.) One Bank of
America memorandum said bluntly: "Memorex 1s as mismanaged at its
senior officer level as any company we have ever seen." (DX 1610,
p. 1l.)

During these on-going controversies and various product
program shortfalls and cancellations, Memorex's top management
underwent major upheavals. The Chief Executive Officer, Vice-
President of Finance, Head of the Equipment Products Group and Head
of Research and Development left between early 1971 and early 1974.
(Saalfeld, Tr. 44674-76.) By 1974, when a new Chief Executive
Officer, Mr. Wilson, came in, many of the company's remaining offi-
cers had either left or been demoted. (See Rice, Tr. 45281-86; DX

1272, pp. 42-43; DX 1635, pp. 26, 27, 32.)
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d. Advanced Memory Systems (AMS). AMS was incorporated

in October 1968 to design, manufacture and market semiconductor
memory equipment for computer systems. (DX 1976, p. 2; DX 1964, p.
12; see also Fernbach, Tr. 395-96.)* AMS began operations at a time
when memory technology was moving from core to semiconductors. In
1970, AMS management reported to the company's shareholders on the
switch to semiconductor technology:

"Customer acceptance of [AMS' semiconductor product] for
main computer memory provides further evidence that the change-
over from core memory to semiconductor memory is occurring at a
rate more rapid than that forecasted by industry spokesmen as
recently as one year ago." (DX 1965, p. 3.)

Andreini of AMS testified that the change from core to semicoﬁductor
technology affected "the ability of the core manufacturers"--such as
Ampex, Fabri-Tek, Standard Memories, CHCS and Data Recall--"to
compete successfully for add-on IBM memory business" and, according
to him, those core manufacturers did not produce semiconductor
memory for IBM System/370 computers. (Andreini, Tr. 48581, 48584~
85.)

In the fall of 1970, AMS announced its Semiconductor

Storage Unit (SSU), which was marketed as a "completely compatible”

add-on memory product for IBM System/360 and System/370 processors.

This product featured 1,024 bit-per-chip Metal Oxide Silicon (MOS)

* AMS obtained $500,000 in start-up private financing from the
Diebold Technology Venture Fund, Inc. and Value Line Development
Capital Corj.oration. (DX 1964, pp. 9-10.)

The management and sales force at AMS included many former IEBM
employees. (Andreini, Tr. 46894; DX 1964, pp. 5, 10-11l.)
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" technology. (DX 1965, pp. 4, 8; DX 1966, P. 5.)* At that time, IBN

offered only older core memory technology for its System/ 360 pro-

cessors and for the 155 and 165 System/370 processors, announced in
. June 1970. (See PX 4505.) In 1971, AMS announcéd the development

' of a memory chip featuring twice the density of its original MOS

product. (DX 1966, p. 13.) This 2048 bit-per-chip design was
marketed beginning in mid-1972. (DX 1967, p. 5.)

AMS' IBM plug-compatible semiconductor memory equipment
won customer acceptance quickly. By 1971, AMS add-on memories had
been installed by a variety of IBM systems users, including such
customers as The Mennen Company, Hyster, Beckman Instruments,
Hughes Aircraft, Time, Inc., Getty Oil, Stanford Research Institute
and American Savings & Loan. (DX 1966, p. 9.) After virtually no
revenues in 1969 and 1970, AMS' 1972 reported EDP revenues in the
U.S. rose to approximately $16 million. (DX 8224, p. 527.)

In 1973, AMS' OEM business was expanded through an agree-
ment with CDC, which gave CDC non-exclusive, worldwide rights to
market AMS' System/370 compatible memory product line. (DX 1967,
pp. 3-4; see also Andreini, Tr. 46893, 47142-45, 48049-51; Lacey,
Tr. 6743-44; DX 1968, pp. 3, 15.) AMS also entered into marketing
arrangements with Itel in 1970 and Memorex in 1974 (Andreini, Tr.

46893-97; DX 1965, p. 4), and during the early 1970s marketed its

* AMS had anncounced iis first memory product in December 1969.
It was a very high speed memory intended for functions such as
buffering, main memory, high-speed control and register replacement:
(DX 1964, pp. 7-9.)
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memory products on an OEM basis to a number of processor and periph-
eral manufacturers, including CDC, Data General, Univac, Amdahl,
Raytheon, STC, Honeywell, Fujitsu, Nixdorf, Siemens, Hitachi and
Wang. (DX 1968, p. 6.)

Also in 1973, AMS introduced an MOS main memory system for
the IBEM 370/145, which the company claimed offered better price/per-
formance than IBM's bipolar semiconductor memory on that machine.

(DX 1968, pp. 3, 7.) And in 1973, AMS announced a 4,096-bit MOS

‘device. (Id.) In three years, 1972, 1973 and 1974, AMS ran into

operational problems: "insufficient production of chips and devices™
to meet growing demand. (Andreini, Tr. 48822-28.) Andreini testi-
fied that management deficiencies resulted in AMS "not getting the

production of sufficient devices in quantity to meet [AMS'] require-

- ments, or at sufficiently low cost". (Tr. 48832.) AMS' revenues

increased to over $30 million in 1973 and 1974; however, losses--of
$196,000 and $2.1 million--were reported for those years. The
losses included write-offs of what by then was AMS' older 360 memory
inventory. (DX 1969, pp. 3, 8.) 1In 1974 and 1975, AMS eliminated
some non-productive and unprofitable operations, tightened financial
controls, cut development in non-productive areas, and placed more
emphasis on profitability in specific product lines. (Andreini, Tr.
48833-41.)

In 1975, the company réturned to a profitable position.
(DX 2070; DX 1971A, pp. 2, 7.)

Fiscal year 1976 (ending September 26) was, according to
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AMS, "the best year in the history of [the company], with sales and
earnings climbing to recbrd levels."” (DX 1971A, p. 2.) Revenues
were over $40 million and profits were nearly $4 million.

(Id.) In November 1976, AMS merged with Intersil, Inc., a manu-

facturer of integrated circuits and microprocessors. (DX 1971,

p. 5; DX 2079, p. 1.) 1In 1979, Intersil introduced the UMS-3
Universal Memory System, "thereby [becoming] the first add-on
memory supplier to offer a complete line of 16K memory products for
use on the IBM 370/138, 148, 158, 168 and the 3031, 3032 and 3033
computers. The UMS-3 product line consists of one basic design
which only requires thé change of a few interface cards from one
model to the next." Intersil posted over $140 million in revenues

in 1979. (DX 14083, pp. 1, 6.)
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63. Leasing Companies. As already described, cdmputer

leasing companies emerged as major competitors in the EDP industry
in the late 1960s. (See pp. 797-830 above.) Leasiné companies had
generally concentrated on purchases of IBM System/360 computer
equipment which they leased.to customers on a variety of terms and
conditions, at rates typically lower than those charged by IBM
("monthly availability charges" (MAC)) under its rental plan.

In 1969, IBM estimated that leasing companies had pur-
chased $2.5 billion worth of IBM equipment (PX 4504, p. 7)*--S$1l.1
billion of System/360 CPUs and memory alone. (DX 9416A, p. 1l.)

In response both to IBM's introduction of the System/370
in 1970 and 1971 and to other competitive product and price announce-
ments, leasing companies in the early 1970s took a number of steps
to make their System/360 equipment more competitive:

First, leasing companies cut prices and offered more
attractive terms and conditions for the System/360 egquipment
they were marketing. With these lower prices, the price/per-
formance of that equipment made it an attractive alternative to
the newer System/370 equipment. (See Jakes, Tr. 50193-96; JX
3, 44 22-23.) For example:

(1) In discussing competition for the new 370/135,

an IBM report noted that "[t]lhe Model 135 provides better

* In June 1971, the Computer Lessors Association advertised that
"independent lessors have $2,600,000,000 of IBM 360 equipment"”.
(DX 1911; Tr. 46360-61.)
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price/performance than any currently announced competitive
system. Heavily discounted third-party S/360 Models 50
and 65 are its closest competitors." (PX 2685, pp. 49,
57.)

(ii) The same report stated that "the Model 145 must
also compete with heavily discounted, third-party S/360
Models 50 and 65." (Id., p. 60.)

(iii) Leasing companies emphasized that they continued
to offer significant savings over IBM, including discounts
'on longer term leases of central processing units-—-a type
of offering not available from IBM until later in the
decade. An advertisement run by the Computer Lessors
Association in June 1971 stated:

"IBM's new fixed term rental plan offers a price
cut of 8-16% on certain peripherals.

"Is this enough? We think not.
"Independent lessors offer saving of 15-45%

based on term, and this includes S/360 CPUs." (DX
1911, emphasis in original.)

Second, leasing companies also increased the price/per-

formance of their System/360 equipment "by modifications of

existing hardware and software”. (JX 3, 4 22.) For example:

(i) An "Extended Disk Operating System" or "EDOS"
was developed by The Computer Company. (Enfield, Tr.
20136=-37.) This software operating system was "plug-

compatible" with IBM System/360 hardware and was claimed
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to enhancé performance of that hardware, beyond that

available under IBM's Disk Operating System, or DOS.

(Enfield, Tr. 20153-54, 20169, 20186-87.) EDOS was

marketed with System/360 equipment by "t=2n or eleven"

leasing companies,‘including "DPF, Greyhound, CLC, ITEL

and Booth[e]" (Enfield, Tr. 20167-69), against IBM 370

equipment. (See Enfield, Tr. 20830-32, 20148-49.)

Enfield agreed that the availability of EDOS caused

several users to "migrate backwards" from 370s to 360s.

(Tr. 20148-49.)

(ii) Itel offered software that enabled customers with
certain 360 equipment to use DOS/VS, which was offered by

IBM on certain 370 equipment. (DX 14363; see also

Friedman, Tr. 50397.)

Third, leasing companies continued to market plug-compatible
equipment with their IBM-manufactured processors--again as a
means of enhancing the price/performance of their 360 systems.
(JX 3, ¥ 1l4; Navas, Tr. 41274-75; Enfield, Tr. 20827-29;
Friedman, Tr. 50397; Withington, Tr. 57002-03; PX
2627, p. 21; PX 2679, p. 3l.) For example, leas-
ing companies offered modified 3330-type disk subsystems, with
somewhat reduced data rates, for use with their larger System/
360 processors. (Friedﬁan, Tr. 50434-36; Enfield, Tr. 20800-
08, 21032; DX 4407; DX 1674; DX 2673; DX 2646A; DX 14048.) The

3330 itself was not offered generally by IBM for attachment to
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360 processors below the Model 85. (JX 38, pp. 971-74; see
also Case, Tr. 72770-72, 78398-99.)*

These actions by leasing companies made their 360 equip-
ment competitive with IBM's 370 equipment well into the 1970s. For
example, IBM's "Significant Wins and Losses Reports"** during the
years since 1974 show numerous cases of:

(i) IBM's 370 équipment béing replaced by leasing company

360s (for example: August 1974 Report, PX 6467, Vol. 1, p. 5;
December 1974 Report, PX 6467, Vol. 1, p. 6; June 1974 Report,
PX 6467, Vol. 1, p. 9; October 1975 Report, PX 6467, Vol. 2, p.

6);

* In additicn, a number of leasing companies offered "packaged"

systems. (Rooney, Tr. 12032-33; Andreini, Tr. 47102; Friedman,

Tr. 50395-97, 50467-69, 50529-30; DX 2241l.) 1Itel, for example,
offered 360/50s which they claimed performed "better than IBM's
370/135(,]1 [f]lor $50,000 a year less". (DX 14048) This

system included add-on "monolithic memory, 3330 compatible disks,
3420 compatible tapes and a fast 3215 console". Itel also offered
a "DAP Box" which was a combination of plug-compatible memory, tapes
and disk and software which it claimed could make a 360/40 as power-
ful as a 370/125, a 360/50 more powerful than a 370/135 and a

360/65 more powerful than a 370/145. (DX 2646A; see also
Withington, Tr. 57038-39.)

** As Akers testified, the Significant Wins and Losses Report is
prepared monthly from material generated by the branch offices
reporting on competitive situations. Only situations involving more
than 20,000 points (monthly rental dollars) are reported; for this
reason and because "the number of situations is very low that are
reported”, the Reports contain "substantially less than five percent
of the situations that occur in a given month". (Akers, Tr. 96581~

84.)
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(ii) Leasing company 360s causing users to cancel orders
for IBM's 370 equipment (for example: August 1974 Report, PX
6467, Vol. 1, p. 5; December 1974 Report, PX 6467, Vol. 1. p.
6; September 1974 Report, PX 6467, Vol. 1, p. 7;

October 1975 Report, éx 6467, Vol. 2, ». 6):
and

(iii) Leasing company 360s being chosen over IBM proposals
of 370 equipment (for example: August 1974 Report, PX 6467,
Vol. 1, p. 5; June 1974 Report, PX 6467, Vol. 1, p. 9; March
1974 Report, PX 6467, Vol. 1, p. 1ll; February 1975 Report, PX
6467, Vol. 2, p. 10; March 1975 Report, PX 6467, Vol. 2, p. 10;
May 1976 Report, PX 6467, Vol. 3, p. 15).

Despite these competitive successes with their 360 equip-

- ment, however, the basis on which many of these leasing companies

carried on their 360 business in the late 1960s and the early

1970s was unrealistic.

First, as described earlier (pp. 803-05, 812), during the
1960s many leasing companies used accounting policies--believed
by the Morgan Guaranty Trust Company to be among "the most
liberal . . . allowed by the accounting profession" (PX 2181A,
p. R-1; see also Davidson, Tr. 98765)--which let them report
unrealistic profits. (Davidson, Tr. 98763-67.) Specifically,
depreciation policies were at the core of the problem: for
financial reporting purposes, leasing companies used deprecia-

tion methods and lives that were substantially more extended
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than those used by IBM and other manufacturers for their own
equipment. (See pp. 803-05 above; Davidson, Tr. 98762-65.)

The leasing company straight-line depreciation policies,
according to the testimony of accounting experts, also led to
"the mismatching of pluses and minuses" (Briloff, Tr. 80724;
Davidson, Tr. 98766-67), because these policies did not reflect
financial reality. The revenues derived from leasing EDP
equipment would naturally be highest when the equipment was
newest, and lower as the eguipment became older. Nonetheless,
leasing companies depreciated their eéuipment in equal amounts
each year throughout their lengthy depreciation periods, and in
effect assumed their revenue stream would be constant, despite
the obvious fact that the computer industry is "subject to
rapid technological change". (JX 3, ¢ 9; see also Briloff, Tr.
80724-25, 81057-60; Spain, Tr. 88732-34; Buffett, Tr. 100377~
81; Davidson, Tr. 98766-67; DX 3906, Walker, pp. 7-11; PX 4834,
p. 43.)

In fact, the price structures of the leasing companies
were overtaken by events: their estimates of the period before
obsolescence, used as a foundation for their lease rentals,
proved too optimistic. When IBM brought out the first models
of its System/370 in the early '70s, and other manufacturers
did likewise, System/360 became something less than a state-of-
the-art system. System/360 could not‘match the improved price/

performance of System/370 without substantial price reductions-
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which leasing companies' depreciation rates did not take into
account. (See pp. 808, 817.)

For most leasing companies, problems were exacerbated by
the fact that they haq bought their System/360 equipment
relatively late in the product life of that system. According
to Spain of IBM, as of the time of IBM's init%al 370 announce-
ment, "the average age of the System 360 inventory held by
leasing companies was in the 2-1/2 to 3-year range, with 7 to
7-1/2 years remaining on the book wvalue life these companies
were using for depreciation purposes". (Spain, Tr. 88767-68;
see also PX 3485, p. 16.) IBM's internal estimates indicate
that over 85 percent of leasing company purchases of 360 CPUs
and memory were made after January 1968. (DX 9416A, pp. 1, 3.)

Leasing company managements could have foreseen the
rapidly approaching end of System/360.'s life cycle:

(i} IBM management repeatedly told its shareholders
in the later 1960s that it expected leasing company
purchases of 360 equipment to diminish, "because of the
fact that many of our System/360 products have been on the
market for over four years". (See, e.g., DX 13680, pp. 5-
6; DX 13387, p. 2.)

(ii) In 1969, a report by Withington stated that,

"[tlhere is no question that the original 360 models

(announced five years ago) will be in cne way or another

replaced by new models in IBM's line within a few years.

-1032-




IO S S T S 2 T 5 T S e Y N o S — S T R S R
g S W N = O VU 0 N o0 U & L DD -~ O

When this happens the value of the original models will
presumably drop, and the leasing companies have come to
fear that the drop in value will be greater than can be
tolerated with a ten-year depreciation schedule starting

in 1969". (PX 4834, p. 43.)

In the 1971-1973 period, leasing companies acknowledged
"that they had underdepreciated in the earlier years, recogniz-
ing the fact that they had overly reported income in these
intervening years" and had "to 'bite the bullet' and take the
big bath in accounting and take the big write—off to bring the
carrying value down to a more appropriate level”. (Briloff,
Tr. 81068; Davidson, Tr. 98768.) Thus:

(i) Between 1971 and 1973 Boothe Computer Corpora-
tion wrote off more than $50 million. (DX 9436; see
Davidson, Tr. 98768.)

(ii) Between 1972 and 1974 Diebold Computer Leasing,

Inc., wrote off more than $46 million. (DX 9436.)

(iii) Between 1970 and 1974 DPF, Inc., wrote off more

than $53 million. (Id.)

(iv) In 1973 Rockwood Computer Corp. wrote off more

than $41 millicn. (Id.)

(v) In 1974 Leasco wro?e off $12 million. (See

Briloff, Tr. 81068.)

Second, in these years leasing companies, for the first

time, were in the position of having to remarket large volumes
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of equipment cdming off longer term leases. Numerous companies
were unprepared for this task.

For the most part in the 1960s, leasing'companies got a
free ride in their computer marketing. "In most cases . . .
the sales force of IBM : . « had configured a particular equip-
mentvsolution. « « « [Tlhe leasing companies stepped in,
relied on the prior work of an IBM salesman and supplanted that
sale by offering lower prices." (Spain, Tr. 88752,) Hence,
before 1970, leasing companies operated with small marketing
forces (Friedman, Tr. 50382)*, and "made little or no prepara-
tion for the future need to remarket this equipment". (Spain,
Tr. 88752.) When the initial leases expired, leasing compa-
nies were faced with remarketing the equipment in direct
competition with IBM, one another and other system suppliers.
Remarketing meant:

(i) As the Morgan Guaranty Trust Company observed,
leasing companies had to increase the size of their
marketing staffs at a time when the management depth of
many of them was questionable. (PX 3105, p. 8; PX 2181A,
p. R=-14.) 7

(ii) They haé to match the features in their off-

lease inventory with those desired by new customers. (PX

* Ttel marketed approximately $130 million worth of System/360 in
1968 (DX 2223, pp. 3, 16), with a marketing staff which began the
vear at one and increased to "between five and eight" by year end.
| (Friedman, Tr. 50382.)
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and DPF,

2414, p. 16.)
(iii) They had to bear the additional cost of removal
and reinstallation. (See id.)

(iv) With much of the inventories coming up at about
the same time, they had to face fierce competition among
themselves. (Spain, Tr. 88754; see also PX 2181A, p. R-14
and PX 3105, pp. 5-6 for the Morgan Guaranty Trust Com-
pany's observation on this point.) As Ryall Poppa in
1971, indicated to the DPF Board of Directors, "[uln-
fortunately, some of our competitors . . . are breaking
the rates for relatively short terms". (DX 5634, p. l.)

(vf Leasing companies, like IBM, faced increased
competition from plug-compatible peripheral manufacturers
"such as Telex, !emorex, ilohawk, CalComp and Potter, who we
offering peripheral devices at prices substantially below
those of IBM". (Spain, Tr. 88754.)

A number of leasing companies, such as Boothe, Greyhound

chose not to invest early in System/370 equipment. In

part, they regarded that equipment as merely an enhancement of 360
and not a new generation. (DX 10495, p. 3.) For example, Boothe's
President, Williams, is reported to have said that "[t]he equipment
is an extension of the 360 line and thus indicates that IBM's true
'fourth generation' equipment is as far away as we had anticipated”.
(DX 13919.) Similarly, Greyhound initially adopted a "skip 370"

imarketing program. Other companies adopted a "wait and see"

!
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attitude and continued to market their 360s in the interim. (DX
10495, p. 3.)

Still, a number of older 360 leasing companies, such as
Itel, Leasco and Randolph C?mputer Coﬁp., began to lease 370 equip-
ment soon after it was first delivered. (DX 14362; DX 14375;
DX 14448; DX 10208, p. 190.) ZItel, as an’exaﬁéie,vh -
acquired and leased or arranged for others to acquire and lease
nearly $1 billion worth of System/370 equipment. (Friedman, Tr.
50773-75.) |

As the 1970s progressed, leasing companies as a group--old
and new--acquired IBM 370 equipment for leasing in unprecedented
volumes. Leasing company purchase of 370 CPUs, as well as total
purchase of 370 CPUs, were significantly greater than leasing
company and total puﬁchase of 360 CPUs at comparable points in time.
(DX 9416A; JX 4, ¢ 38.) According to IBM's estimates, leasing
company purchases of 370 processors and memory were more than double
their purchases of 360 processors and memory: in the period
1966 through 1978, leasing companies acquired $612.3 million worth
of 360 processors and memory "directly" from IBM and an additional
$676 million "indirectly"; in the period 1971 through 1978, leasing
companies acquired $2.1 billion worth of 370 processors/memory
"directly" from IBM and another $995.l million "indirectly". (DX
9416A, pp. 3, 5.)

In addition to their System/370 marketing activities,

leasing companies also launched programs to purchase and lease IBM
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303X computers, announced in 1977.* For example, Welch

testified that Chemical Bank received 12 proposals from

leasing companies for a single 3032 accuisition. The

isuppliers offered proposals for three. four and seven

years. (Tr. 75270-73.)%**

Much of the leasing company activity in System/370 and
303X products came from new companies which had not engaged in
leasing 360 equipment, or which had only begun to do so when IBM
announced Sys;em/370. Among the newer leasing companies are these:

Alanthus

In May 1971, Alanthus began writing leases on System/370

equipment. By the end of the year, it had written leases on

* Leasing companies have also shown interest in IBM's newest
processors, the 43XX series and are offering them for lease: for
example, CMI Corp. (DX 13923); Dearborn Computer Company (DX 14351):;
General Electric Credit Corp. (DX 14359); OPM (DX 14369); Randolph
Computer Company (DX 13937); and Tiger Computer; (DX 13938.)

** There is another aspect to IBM's introduction of the 303X
systems. As IBM began to market 303X equipment, history seemed to
repeat itself: leasing companies with System/370 inventories again
ldiscounted their older systems, this time 370s, in competition with
jthe newer 303X machines.

IBM's Significant Wins and Losses Reports show a number of
instances where users selected leasing company 370s over IBM 303X
machines. For example: DPF 370/155 over proposed 3031 at American
Sterilizer (PX 6467, Vol. 5, May, p. 24); Comdisco 370/155-I1 over
13031 at American Fabrics (id., Vol. 6, March, p. 21); Itel 370/158-1
lover 3031 at Winnebago Industries (id., p. 23); Itel 370/168 over
3032 at OAG, Inc. (id., April, p. 23); CMI 370/168-1 over a 3031 at
Bausch and Lomb (id., May, p. 24); Comdisco 370/168 over 3032 and
Amdahl 470 V/5 at Omaha National Bank (id., September, p. 16); and
iComdisco 370/168 over 3032 and Amdahl 470 V/5 at GTE Sylvania. (Id.
. 17.)

I
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equipment worth $14.5 million. (DX 14339, p. 2.) In 1977, it
advertised that it had written leases for over $200 million
worth of System/370 equipment. (DX 3373.) The Company's
revenues rose from $100,000 in 1971 (DX 14211, p. 10) to $37.9
million in 1977. (nx.lélas, P. 4.) It also offers leases on
303X and 4300 machines. (DX 11154; DX 14395; DX 11643.)
Alanthus offers its equipment on leases ranging from onevto six
years. (DX 14342; DX 11149; DX 11147; DX 11148.)

Alanthus has attempted to avoid some of the problems that
had plagued the lessors of System/360 equipment:

(i) Its depreciation policy for 370 equipment
assumed depreciable lives ending on December 31, 1980 (or
1981), regardless of when the equipment was acquired. (DX
14211, p. 5.) |

(ii) Costs were "expensed as incurred" rather than
deferring them over expected useful life. (DX 14211, p.
8.)

(iii) . Leases were generally limited to 370 processors
and high-speed memory in order to "avoid the off-rent
problem currently being experienced by System/360 lessors
with their IBM peripheral eqguipment, a problem which
arises from the fact that such equipment has historically

been subject to more rapid technological obsolescence”.
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Bank of America

In 1969, internal IBM reports estimated the Bank of
America had acquired about $21 million worth of System/360
equipment. (PX 2414, p. 56.)

Through its subsidiaries Decimus Corporation, Decimus
Computer Leasing Corporation and Bank of America Leasing
Corporation, by early 1977 the Bank of America had acquired a
portfolio of over $500 million worth of IBM System/370 equip-
ment. (Rice, Tr. 45245-47.)* This equipment was offered on
both a long and short term basis. (Rice, Tr. 45082-83, 45248.)

Pord Motor Credit

Ford Motor Credit Company (FMC), a subsidiary of the Ford
Motor Company, began leasing 370 equipment in 1972.** (DX
9099, McKenna, pp. 20-21.) FMC leases on 370 equipment range
from one to five years and longer. (Id., pp. 19, 32.) By
1977, FMC had invested approximately $300 million in 370 equip-
ment. (Id., pp. 30, 31.)

As in the case of Alanthus, FMC was apparently concerned
that it avoid the pitfalls inherent in some of the business
practices foliowed by lessors of System/360 equipment. Before

launching its 370 leasing activities, FMC studied twelve 360

i
l
g
|
|

* In addition, the portfolio included equipment manufactured by
Memorex ($3.6 million); Storage Technology Corp. ($53 million) and
Four Phase Corp. ($8 million). (Rice, Tr. 4524f-47.)

** PMC has also leased eguipment manufactured by Honeywell, CDC,
Memorex, STC, ISS, Telex and CalComp. (Id.,/pp. 15-16.)
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lessors and identified these problems:

(1) The 360 lessors were paying high interest rates
and many decided to invest their rental revenues in
unprofitable ventures rather than paying down their debt.
(Id.., ppP. 22-23.).

(ii) They generally depreciated their computer equip-
ment over too long a period--ten years with an assumed 10%
residual value.

(iii) Leasing companies encountered problems with
their‘equipmént mix which resulted from their inability to
re-lease all of their peripheral equipment due to the more
rapid technological advancement that had occurred in that
area. (Id., p. 24.) ’

(iv) The features desired by new customers did not
always match the features available on equipment coming up
for re-lease forcing the leasing companies to purchase new
features in order to re-lease the equipment. (See id., p.

25.)

General Electric Credit

General Electric Credit Corp., which entered the computer

leasing business in 1971 (DX 14357) reportedly had a
portfolio of $600 million of computer ecuipment in 1978.

(See DX 11538.)
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OPM

OPM Leasing Services reportedly entered the computer

leasing business in 1975. (DX 14371.) It is privately held

and reports no financial data, but in 1977 the company adver-

tised that it had "annual sales of more than 1/4 billion

dollars"™ (DX 14370, and is revorted to have a

System/370 portfolio of "between 3300 million and 5400 mil-

lion". (DX 14371.) OPM also offers IBM 303X, IBM 4300

Series, Amdahl, CDC, Univac and DEC machines on short and

long-term lease plans. (DX 14396; DX 14398; see also DX

14372.)

During the 1970s many leasing companies were also active

as dealers and brokers of used equipment, including 360 and 370
products, as well as non-IBM equipment. Some examples of leasing
companies that offered to sell or broker used equipment are: Boothe
Computer Corp. (DX 14340, p. 7; DX 13925; DX 14350); Dearborn

' Computer Leasing Co. (DX 14352 ; DX 13926); General Electric Credit

i Corp. (DX 14358); Greyhound Computer Corp. (DX 14397); Itel (DX

|
214473); Finalco (DX 11487; DX 14384; DX 14353); OPM Leasing (DX

§14372; DX 14396); and Randolph. (DX 13936.)

ﬁ In addition, some companies that began largely as brokers

' and dealers of used equipment expanded into a variety of leasing

i
i

activities. Perhaps the best known is Comdisco. The company was

|

,Efounded in 1969. Its revenues increased from $1 million in 1970 (DX
! .

114389, p. 2) to $225 million in 1979. (DX 12295, p. l.) During the

|
ki
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latter half of the.19705, its "revenue growth rate has been more
than double that of the industry". (DX 14391, p. 7.) This trans-
lates to "compound annual growth rates in revenues and net earnings
[0of] . . . 36 percent and 55 percent, respectively”". (DX 12295, p.
2.) '

Comd;sco has been, and remains, a broker/dealer of used
computer equipment. In 1978, it claimed to be "the world's largest
used IBM computer remarketer". (DX 14391, p. 6.) As late as 1979,
67 percent of the company's revenues came from the sale of used
computer equipment. (DX 12295, p. 6.)

However, beginning in 1972, the company decided to main-
tain a portfolio of used IBM equipment for lease. (DX 14390, p. 5.)
In 1975, Comdisco had a lease portfolio of $11.5 million. (DX
14390, pp. 5-6.) In the latter half of the 1970s, this portfolio
was added to rapidly. By 1978, Comdisco's lease portfolio had
increased to over $110* million. (DX 14391, p. 5.) In the same

'year, Comdisco reported that it had arranged "leveraged" leases for

an additional $160 million in IBM computer equipment (DX 14391, p.

ilO);it also began, in 1978, to offer leases on 303X equipment. (DX
!14346.) 7

Comdisco offers leases ranging "from four months to eight
years" (DX 14391, p. 22) through Comdisco Financial Services, Inc.,

a subsidiary it founded in 1976 to concentrate on leveraged leasing.

* This amount represents the "cost" of the equipment to Comdiscd,
a figure presumably well below the original list price. (See DX
114391, p. 5.)
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64. IBM System/370 Announcements: 1972-1974. In 1971

and 1972, IBM was making the first volume shipments of the
System/370 products announced in the first 18 months of the 1970s.
(PX 5779, p. 5; PX 5788A, p. 4.) During these same years, IBM
continued to develop newer equipment and programming for the
System/370 line.

a. IBM 3705 Communications Controller. 1In March 1972,

IBM announced the IBM 3705 programmable communications controller
(IJX 38, pp. 1049-57), which was made available under the Extended
Term Plan*, as well as under IBM's purchase and rental contracts.
(JX 38, pp. 1050, 1055; see Cary, Tr. 101379-80.) The 3705
replaced IBM's earlier 270X line of communications controilers,
originally announced in the mid-1960s. (Navas, Tr. 39786-87; JX
38, p. 1049; PX 5693.) Those earlier controllers were not pro-
grammable (Withington, Tr. 57738-41) and, hence, did not offer the
flexibility of the 370S5.

The Commercial Analysis Department in IBM's Data Pro-
cessing Division wrote in 1970 that: "Because of the inherent
limitations of non-programmable units, users are moving rapidly to

programmable units to act as preprocessors to large host systems".

* Announced in March 1972, the Extended Term Plan (ETP) was a
two-year rental plan that applied to certain IBM peripheral
products and provided for about a 15% discount from IBM's monthly
rates., (PX 4529.)
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(PX 2545, p. 2.) By 1972, some of the companies offering program-
mable communications controllers (or front-end processors)
included as examples: Comten (DX 2591; DX 2592A; DX 4756A, pp. 9,
40) , Honeywell (see p. 994 ;bove), Data General (DX 13886, pp. 3, 5),
and Modular Computer Systems. (DX 4756D, p. 17.) About a month
before the 3705 was annouhced, one IBM memorandum stated that there
were "a large number of manufacturers with announced products which
compete with IBM multiplexors [i.e., the 270X line]". These IBM
270X-compatible multiplexors

"usually provide attachment of some terminals or

line control not offered by IBM in addition to the

attachments which IBM provides. Prices are generally

somewhat lower than IBM prices for the 2701, 2702 and

2703. 1In some cases, they are up to 50% lower." (PX

3764, p. 28.)
Similarly, according to Withington, "IBM with the announcement of
the 3705 undoubtedly was responding to competitors . . . offering a
lower price and an improved function." (Tr. 58563.)

The 3705 could emulate the 270X line or operate in

native moae under IBM's new Network Control Program (NCP). (JX
38, p. 1049.) Whether emulating the 270X line or operating in
native mode, the 3705 offered several advantages: for example, it
was less expensive than the 270X line to the user (Welch, Tr.
75492; Navas, Tr. 39788; PX 5693, p. 1; DX 4312, p. 3); and it
could handle a greater number of and more varied communications

lines than the 270X. (JX 38, pp. 349-52, 756=58, 1049-51; PX

5693.) And when operating under NCP, the 3705 relieved the CPU of
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many teleprocessing tasks, supported a wide range of terminals
and functions (including the processing and translation of data as
it passes from the network to the host processor), and increased
the overall flexibility of the system. (JX 38, pp. 1049-51.)

The advantages of the 3705 made the product attractive
to users. For example, in early 1975, the U.S. Air Force Account-
ing and Finance Center explained its procurement of the 3705 by
explaining that it was the "least costly competitive selection"
among the available options and was deemed "more applicable for
evolving requirements at less rental than would be incurred" for
multiple non-programmable units. (DX 4312; see also Welch, Tr.
75492.)

In February 1973, IBM announced the 3704, a programmable
communications controller that was smaller than, although compati-
ble with, the 3705. (JX 38, pp. 1093-94.)

b. The August 1972 Announcement. In August 1972, IBM

made several major product and programming announcements: The
System/370 Model 158 and 168 processors with FET memory, virtual
memory operating systems for all System/370 processors, and a new
method of storage subsystem attachment.

(1) 158/168 Processors: FET Memory. The 158 and 168

processors were designed with advanced. semiconductor memory,
called Field Effect Transistor, or FET, memory. (E. Bloch, Tr.
91543; DX 1639.) This memory, as developed by IBM, resulted in

dramatic performance and miniaturization gains and was offered at a
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lower price than thé core technology used in the earlier IBM 155

and 165 processors. (DX 1639; DX 4740: Evans, Tr. (Telex) 3968.) 1In
addition, because FET semiconductor devices generally require fewer
process steps to fabricate and offer higher circuit densities than
the bipolar semiconductor méhory used on the 135 and 145, they are
less expensive to manufacture than bipolar devices, although bipolar
circuits tend to be faster. (E. Bloch, Tr. 91483, 91539-43.)
Moreover, with those products IBM was able to achieve in its larger
processors the advantages of a single integrated packaging technology
for logic and memory circuitry resulting in economies of scale of
production and packaging, a design goal of the 1960s. (See pp. 907-08
above.)

Significant advantages in price and performance were

achieved with the 158 and 168:

(a) The internal speed of the 158 was 20 to.40
percent faster than that of the 155. (PX 4530; DX 4740:
Evans, Tr. (Telex) 4029-30.)* With a maximum main memory
of two megabytes, the 158 cost less than the 155 (both

in purchase price and monthly rental) (PX 4505; PX 4530)

* In 1973, the U.S. Department of Health, Education and Welfare
sought authority from the General Services Administration to
procure a 370/158, justified in part by the fact that "the internal
performance of the IBM 370/158 is 20-40% faster than that of the
370/155" and "less costly than the present 370/155". (DX 4345; DX
4561.)
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giving the customer an effective improvement in internal

processing speed per dollar of more than 20 to 40 percent.

With main memory of one megabyte, the 158 cost only 15

to 20 percent more than the 155, giving the customer an

effective improvement in internal processing speed per

dollar of up to 20 percent.*

(b) The 168 offered as much as 30 percent faster

internal performance than the 165.

DX 4740: Evans, Tr. (Telex) 4029-30.)

(PX 4505; PX 4531;

memory of three megabytes for the 165 and four megabytes

for the 168, the 165 and 168 were about the same price,

both for purchase and monthly rental (PX 4505; PX 4531),

so that the customer was offered an improvement in

internal processing speed per dollar of up to 30 percent.**

With the ﬁaxiﬁumvmain'_

A major advantage of FET memory, as implemented on the 158

and 168 processors, was its compactness.

main core memory technology had to be housed in separate boxes, each

* This comparison does not take into account the additional

The 155 and 165 processors

N
~ 8

capabilities and features of the 370/158, including the superior
monolithic semiconductor memory and virtual storage, among others.
For example, virtual storage could be added to the 155 with a DAT
box at an additional purchase price of $200,000 or an additional 10

N
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24
25

'

to 15 percent cost.

(See DX 1639, p. 3.) The inclusion of that

cost for the 155 would substantially jincrease the improvement in
processing speed per dollar obtained by the 158 in relation to the

155.

** Again, this comparison, like the one for the 158,
take into account the additional features of the 168 as contrasted

| with the 165.
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holding up to a half million bytes of memory storage capacity. (DX

4740: Evans, Tr. (Telex) 3980.) Since the maximum memorv size of the
155 was two million,bytes and the maximum size 6f the 165 was three .
million bytes (PX 4505, pp. 2, 4), up to four of these separate memory
boxes could be required witﬁvthe<155_and up to six with the 165. Bv
comparison, the memory circuits for the 158 and 168, at announcement,
were one fortieth as large, five times more reliable, used one-
seventh as much power and cost one-half as much to manufacture as
the core memories used in the.ISS and 165 processors. (DX 4740: EvanT,
Tr. (Telex) 3967-68; DX 9163, p. 20; see DX 9153.) In addition, by
1973, when the 158 and 168 processors were first being shipped to
customers, IBM had doubled the density of each memory chip. Thus,

as shipped, the 158 and 168 FET memory was only one-eightieth as

- large as the core memory of the 155 and 165. (DX 4740: Evans, Tr.

(Telex) 3974; DX 9163, p. 20; see E. Bloch, Tr. 91547.)

The faster FET memory, at lower cost to the user, contri-
buted to an unprecedented demand for greater main memory capacity on
IBM's computer systems. In 1975, Advanced Memory Systems (AMS)
estimated that the average amount of add-on memory marketed to
users of the System/360 Model 65 was one-half megabyte, "whereas the
average add-on for thé 376/168 should be 5-1/2 megabytes”. (DX
1976, p. 12.) Andreini of AMS testified that, as of the time of his
testimony in 1977, he éxpected maximum memory sizes used in computer
systems to increase over the ensuing five years to "32 and 64 mega-

bytes, perhaps more". (Tr. 48722-23.)
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(ii) Virtual Memory Operating Systems.

element of IBM's August 1972 announcement was virtual memory.

new processors announced in the summer of 1972, as well as all

earlier-announced System/370 processors, could utilize the new

virtual memory capability.*

Another major

The

(DX 1640; PX 4530; PX 4531; PX 4533.)

Virtual memory, or as it is sometimes called, virtual storage, is

a combination of hardware and software which provides EDP users

with an apparent main memory capacity substantially greater than

the actual main memory capacity of their systems.

(McCollister,

Tr. 9673; Enfield, Tr. 20774-76; Case, Tr. 73668; DX 4740: Evans, Tx

(Telex) 3942-45.) Evans of IBM explained it this way:

"Now, the thing about .

it's an extension through the architecture of the machine,

+ o Vvirtual memory, is that

the thing that controls the machine, such that is [sic]
combines the auxiliary storage, in our case, disk files,
with the main memory, so that it gives the appearance to

the user, the programmer, that he has,

in the case of

System 370, 16,000,000 bytes or characters of memory at

his disposal.

"And, furthermore, the machine automatically handles

the overhead of memory allocation.

The programmer

doesn't worry about just where to store this data, and
just how to fit it in the space he has available; he lets
the machine do that for him,

responsibility for storing, coding and storing the

and the machine takes the

information and bringing the instructions and data to the
central [processing unit] when the user's program needs

it." (DX 4740: Evans, Tr.

(Telex) 3944.)

* As noted above, for the System/370 Model 155 and 165 processors
announced in June 1970, IBM announced Dynamic Address Translation
(DAT) hardware which permitted those processors to function as
The 135 and 145 processors, announced in
1970 and 1971, 4id not require additional hardware to make use of

virtual memory machines.

IBM's new virtual memory software.

4533; DX 1640.)

-1049-~

(PX 4527;

PX 4528;

PX 4532;

PX



A4

A 4]

e

e

W

A )

As Evans stated, virtual memory made a System/370 processor appear
to the user as if it has 16 million bytes of memory. In fact, the
processor could have had as little as 130,000 or less actual bytes
of memory. (DX 4740: Evans, Tr. (Telex) 3944-46.) As we have dis-
cussed above, it was Evansy%hq altered the 370 product plans to in-
clude virtual memory. (See above, pp. 914-15.)

IBM's virtual memory announcement of 1972 was not the
first announcement of virtual storage by an EDP vendor. Virtual
storage in various forms had been implemented during the 1960s by
Burroughs, GE, CDC, RCA and others--including IBM. (Weil, Tr.
7290-91; wWithington, Tr. 58529; DX 4740: Evans, Tr. (Telex) 3952-53.)
Yet these early virtual memory offerings encountered difficulties.
For example,

(a) Weiliof GE testified that "[t]he dynamic relccation
facilities GE had on the 625 and 635 were inadequate for
virtual storage applications”. (Tr. 7288.)

(b) Rooney of RCA testified:

"Timesharing Operating System was a form of virtual

memory system that had a great deal of functional

capability to offer, that was new and unigque in the
marketplace, but its reliability in performance was
extremely poor and we had not achieved a high degree

of reliability with that system while I was at RCA

[i.e., up to March 1972]." (Tr. 12132-33, 11688.)
Rooney also testified that, as of approximately 1970, RCA

had fifty to sixty virtual memory customer installations.

With respect to those installations he testified:
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"The performance of the installed systems were poor
and therefore, we were making improvements in
releases and we had one release that was going to

be applied to the RCA 7 Series and that was due to
and that

come out in 1971, early in the year . .

was delayed."

(Tr. 12133.)

(¢) IBM's virtual memory announcement built upon its

experience derived from its System 360 Model 67/TSS program

of the 1960s.

(Telex) 3947-51.)

(Case,

Tr. 73577-79; PX 2500; DX 4740: Evans, Tz

In that program, IBM also'encountered

unexpected difficulties and even considered abandoning it

entirely in late 1966.

(See P. 43§”above.)

The difficulties and risks of continuing the Model 67

program and of pushing "relocate" hardware and programming tech-

nologies were in large measure vindicated by the guality of IBM's

virtual storage announcements in 1972.

DX 4740: Ewvans, Tr.

(iii) The New Attachment Strategy.

(Telex) 3953.)

(Case, Tr.

announcement also included a new disk control unit,

73577-79;

the 3830

IBM's August 1972

Model II and an optional Integrated Storage Control (ISC) feature

for the 145, 158 and 168 processors which permitted attachment of

IBM's 3330 disk drives.

(IJX 38, p. 1072; PX 4530; PX 4531;.PX

4533.) 1IBM also announced an Integrated File Adapter (IFA) to

handle 3330 disk drives on Model 135 processors.

1]

(PX 4533.)

In these disk control hardware announcements, IBM

retained the interface that had been used on System/360,

announced in 1964.

(Case,

Tr. 74080-81;
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designers, or for that matter, designers of competitive plug-
compatible disk subsystems could continue to design products to
attach to that channel interface. An advantage of the "new attach-
ment strategy", however, lay in its creation of a single disk
drive-to-control function interface for new disk products and
processors, whether those processors are used with integrated
controllers or with separate control units. In the past most IBM
disk drive products had different and unique interfaces and thus
required different control units. (Case, Tr. 74120-25; Haughton,
Tr. 95017-19.) The new attachment strategy created a single
interface that permitted the use of a single disk control unit,
the 3830 Model II, for the 370 disk drives. (Case, Tr. 74033-36;
Tr. 74101-02; Tr. 74120-25; Haughton, Tr. 95024.) The new single

interface was also used in the variety of new integrated controllers

for IBM 370 processors. (Case, Tr. 74101-02; DX 3651B.) Hence, IBM'i

3330 and the later announced 3340, 3344, 3350 and 3370 disk drives an

the IBM 3850 Mass Storage subsystem all utilized the new interface.
(DX 9405, pp. 1055-61, 1387-88; see pp. 1055-56, 1060-65 below.)
c. IBM System/370 Models 125 and 115. 1In October 1972,

IBM announced the System/370 Model 125 and, in March 1973, the
System/370 Model 115. (PX 4534; PX 4537.) These were smaller
members of the 370 family, offering virtual memory and monolithic
memory technology. (Id.) The 125 provided approximately 2 to 4.5

times the internal speed of a System/360 Model 25 and 1.3 to 3
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times the speed of the Model 22. (PX 4534, p. l.) The 115
offered approximately 1.5 to 3 times the internal speed of a
System/360 Model 25 and 1 to 1.5 times the speed of a System/360
Model 22. (PX 4537, p. 1l.)

In large measure, the significance of these smaller
members of the System/370 line lay in the extent to which IBM
provided for them advanced systems control programming and upward
370 programming compatibility. 1In the System/360 era, cost/function
trade-offs at the low end of the line required elimination of some
functions and of some compatibility with the larger processors.
(Weil, Tr. 7081-83; Case, Tr. 73384-85, 73396.) This was true for
the IBM Model 20, for example. (JX 38, pp. 694-705.) 1In contrast,
the 115 and 125 were compatible with the larger 370 processors. |
(PX 4534; PX 4537.)

At the same time, IBM announced its 3330 Model 2, a cne-
spindle version of the 3330 and a new 3340 disk drive for the Model

115. (JX 38, p. 1076; see pp. 1055-56 below.)

d. Term Lease Plan. In March 1973, IBM announced the

' Term Lease Plan (TLP). TLP was an optional four-year, fixed term

lease available for virtual memory System/370 processors. It
eliminated additional use charges on the processors and memory,
offered users 48 months of price protéction, and offered users the
ability to accrue rentals up'to 50% toward the purchase price of

the processor. (DX 14138, ». 1l.)

TLP was IBM's first longer term lease on processors,
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although such terms and conditions were already common among IBM's

system and leasing company competitors. (See, e.g., Spitters, Tr.

In June 1976, IBM modified TLP to offer roughly a 9%
price reduction from the monthly rental charge under the plan.
(DX 9405, pp. 412-19.)

e. 1973 Disk and Tape Subsystem Announcements. In 1973,

IBM made three major product announcements in computer storage:
the 3420 Models 4, 6 and 8 tape drives (internally known as "Birch"), |
the 3340 disk drive (internally known as "Winchester") and the
3330 Model 11 disk drive ("Iceberg"). (JX 38, pp. 1104-05; PX
4538; PX 4539.)
(1) "Birch". The 3420 Models 4, 6 and 8 tape drives,
announced in March 1973, represented nearly a four-fold increase
in storage density over any tape drive in the computer industry.
(JX 38, pp. 1104-05.)
The recording method used by IBM to achieve this increase
in storage density, known as Group Code Recording (GCR), was a
major innovation:
(a) Mr. Brown of Control Data Corporation testified
that GCR "is far more advantagéous to the user [than prior
methods]. It's a far more reliable approach in its ability
to detect errors". (Tr. 51676-77.)
| (b) The management of Storage Technology Corporation

had a similar assessment of the advantages of the GCR format.
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(See DX 2110, p. 4.)

(c) Honeywell also believed that the 3420-4, 6, 8
offered "significant technical advances" to users, including
its four-fold density increase and "[a]ldvanced error correc-
tion algorithms". (DX 145, p. 4-8.)

With this announcement, IBM completed the tape develop-

ment program it started in the 1960s. (See pp. 885-98 above.)

(ii) "Winchester". Also in March 1973, IBM announced

the 3340, or "Winchester", disk drive. (PX 4538.) The 3340 was
"a high performance, intermediate capacity disk storage™ device
that "introduce([d] a new concept in storage media, the 3348 Data
Module. . . ." (Id., p. 1.) The new data module combined in one
sealed unit both the disk surfaces and the read/write heads.
(Haughton, Tr. 94918-21; PX 4538, p. l; see DX 9344A.) In disk
drives with removable disk packs, there was danger of errors
caused by different packs being used on different drives; costly
mechanisms and tolerances had to be built into the equipment to
prevent such errors from occurring. (See Haughton, Tr. 94833-42,
94864-72; DX 9340A.) The use of the data module gave the disk
drive greater reiiability at lower cost, because the same disk
heads would always read and write data on the same disk surfaces
and also reduced the danger of "contaminating" the disk surface.
(Case, Tr. 72746-47; Haughton, Tr. 94924-25.,) 1In addition, the
3340 featured a new low mass read/write head assembly which
Haughton believed was Winchester's "most significant innovation”

(Tr. 94990): it eliminated the need for much of the hardware
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that had previously been used to keep heavier heads from coming
into contact with and dest;oying disk surfaces. (Haughton, Tr.
94990; see also Tr. 94917-18, 94877-78.)

Brown of Control Data testified that his company's

examination of the 3340

’

"convinced us that the technology was a very sound one,
and that the product appeared to offer reliability
improvements over other products whlch had utilized

3330 type technologies.

"In general terms, it appeared that the product
was roughly twice as reliable from a user viewpoint,
and therefore, we began to explore various ways in
which we might implement that technology in products
of our own choosing." (Tr. 51304-05.)

Navas of Memorex stated:
"The 3340 offered higher performance and less cost
for a given amount of capacity to a user than the 2314,
2319 series disk drives, and hence would be more
attractive to users of IBM's System 370 to which either

product could attach.”"” (Tr. 41439; see also Withington,
Tr. 58291.) :

According to Haﬁghton, the Winchester development program
began in early 1969 and was aimed at achieving a relatively low-
priced disk drive combining the advantages of disk removability
with some of the engineering advantages associated with fixed disk
files. (Tr. 94912-15, 94920-21; see pp. 903-04 above.) However,
the Winchester was not ready for announcement until March 1973.

(See p. 1055 above.)
(iii) "Iceberg". In July 1973, IBM announced a double

capacity version of its 3330 disk drive, the 3330 Model 11, with
200 million bytes of storage per spindle, as compared with 100

million on the original 3330. (JX 38, pp. 971-73; PX 4539.) The
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density of the tracks was almost doubled from 192 tracks per inch
on the 3330 to 370 tracks per inch on the 3330 Model 11.
(Haughton, Tr. 94995.,) 1IBM was able to increase the recording
densities on the 3330 Model 11 because of its development of a new
disk coating process called "zapping". (Haughton, Tr. 94993-95.)
Navas of Memorex stated:
"[IBM] changed the media and they changed the head

flying height [for the 3330 Model 1l]. . . . The new

media was smoother, had a thinner coating, had inherently

better performance, but was basically designed to allow

a head to fly lower." (DX 1482B, p. 46.)

The 3330 Model 11 product was the result of an IBM
development program begun at about the time of the original 3330
announcement--mid-1970. In July 1970, J. K. Clemens of IBM's
Systems Development Division facility in San Jose, California,
called for implementation of the "Iceberg" program, which he
described as

"an extended capacity Merlin Facility . . . achieved by
increasing the bit and track density of the basic Merlin
Facility. Technological improvements such as reduced
flying height, narrower recording gap, new encoding
methods, and improved defect handling are needed.”

(DX 3260, pp. 1-2.)

Despite the recent vintage (1970) of the 3330, itself
a significant innovation and price/performance improvement, IBM
was compelled to improve on that prbduct's performance as rapidly
as possible. A February 1971 review &f peripherals by IBM's

Management Committee reported that:

"In the disk area, there is an apparent one year
acceleration of a Merlin type plug-for-plug file [(by
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competition and] work is going on in San Jose to both
accelerate and enhance the Iceberg program." (PX 3154.)

In 1970 through 1973, as we have discussed, there were
numerous competitive disk subsystem developments. Vendors,
including Ampex, CalComp, CDC, Marshall, Memorex and Telex,
announced double density versions of the 2314, (DX 4556, p. 3.)
Companies also announced 3330 equivalents. These included:
Memorex, Century Data Systems, Potter, Telex, CDC, Ampex, Itel
and STC. (DX 1437; DX 4756B, p. R-96; bx 4756C, pp. 70, R-150,
168, 172; DX 4556, p. 3; DX 9043, p. 58.) STC, Memorex and CalComp
delivered 3330-ccmpatible products within eight months of IBM's
first 3330 Model 1l shipment (DX 2377A), and Itel (through ISS)
went into full production and shipment within one year. (DX 2231,
p. 15; DX 2235.)

£. IBM 3600 Terminal Subsystems. During the second

half of 1973 IBM announced a series of terminal subsystems, the
IBM 3600, 3650 and 3660. (DX 13960; DX 13961; DX 13962.) These
subsystems were designed to perform input and output as well as a
range of additional storage and processing functions commonly
needed in specific industries: banking and other financial insti-
tutions, retail stores, supermarkets, and insurance companies.
(Id.) Each operated as part of IBM 370 computer systems. (Id.)
These terminal subsystems were IBM's first major

"industry oriented" terminals since the announcement of the 3670

brokerage communications system in September 1971. (JX 38, p.
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1025.) The subsystems operated to bring the power of a System/370

processor directly to the point where a customer's data are created,

whether its source is a bank deposit or a supermarket purchase.
Through their use, information could be captured, translated into
machine-readable form, processed and stored for immediate process-
ing, as well as for subsequent additional processing. (DX 13960;
DX 13961; DX 13962.) The supermarket terminal, for example, was abl
to read data (prices) directly off grocery items marked with the
Universal Product Code, compute totals, print out a sales slip and
forward information to the terminal controllers for storage and
processing in those controllers or for entry into larger processors
located elsewhere. (DX 13962.)

Other companies introduced industry oriented terminal.
subsystems, with substantial remote processing capability, at the
time or before IBM announced its 3600 line. For example:

(i) Im 1970, NCR introduced its 280 Retail System,
which included an "intelligent" terminal, input/output
equipment, data storage and communications hardware, and
software permitting the subsystem to operate as part of
NCR computer systems. (See p. 998.)

(ii) In 1971, NCR introduced its 270 Financial System

to perform on-line bank teller t;ansactions, linked directly
to central prdcessors. According to NCR, the 270 was, at
the time, the most advanced system available for customer

transactions in savings institutions and commercial banks.
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(DX 341, p. 3.)

(iii) 1In 1973, National Semiconductor was offering its
Datachecker system, which was a point-of-sale terminal
system for the retail industry. It provided electronic
registers and scales fof each checkout stand plus a micro-
computer and disk storage. (DX 12604, p. 10.)

g. System/3 Model 15. 1In July 1973, IBM announced the

System/3 Model 15, a more powerful model of the earlier announced
System/3 computers. (DX 8073, p. 30; see p. 911 above.) The
Model 15 offered a variety of software capabilities, including
RPG, COBOL, FORTRAN and a Communication Control Program for
handling communications applications.. (DX 8073, p. 30.) It also
offered greater on-line disk capacity. (Id.) By 1973, IBM had
added control programming to its System/3 line to permit those
systems to be used not only as stand-alone systems but also to be
linked to other processors in a larger System/370 system. (DX
8073, p. 27.)

h. IBM 3850 Mass Storage Subsystem. In October 1974

IBM announced the 3850 Mass Storage Subsystem, for use with

System/370 processors above the Model 135, (JX 39.) The 3850 is

a "mass" storage device because it is capable of storing, under
the control of a single control unit, 472 billion bytes of data,
that can, in turn, be accessed by as many as four different
System/370 processors at any one time. (Id.) That amount of

data, on-line and available to processors through a single control
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unit is a manifold improvement in the amount of on-line data
available. By comparison:
(i) The IBM 2314 Direct Access Storage Facility,
announced in 1965, held over 200 million bytes of data and
was, in its day, at the state of the art. (Beard, Tr. 8575:
McCollister, Tr. 9370; Case, Tr. 72742-73; JX 38, p. 439;
PX 1967.)
(ii) The IBM 3330 Model 11 disk subsystem, announced
in 1973, a year earlier, was capable of storing about 6.4
billion bytes of data under the control of a single control
unit. (PX 4536, p. 1; PX 4539, p. 1l.)
(iii) The IBM 3420, Model 4, 6 and 8 tape subsystem,
also announced in 1973, was capable of storing about 1.3
billion bytes of data under the control of a single
control unit.*
The 3850 mass storage subsystem uses an IBM 3330 disk
storage device in combination with innovative "honeycombs" of new
magnetic tape media, which are accessed by electro-mechanical

devices and read onto the disks for processing. (Case, Tr.

* That calculation is made as follows: The "Birch" tape drive
featured a storage density of 6,250 bytes of data per inch of tape
(JX 38, pp. 1104-05), or 75,000 bytes per foot of tape; on a
standard tape of 2,400 feet, the total storage capacity is 180
million bytes; since each controller can handle eight tape drives,
the maximum storage capacity handled by one controller is 1,44
billion bytes. After deducting capacity lost because of gaps on
the tape between blocks of data or "records" (known as the "inter-
record gap"), the approximate actual storage capacity per subsystem
is 1.3 billion bytes.
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73492-93; DX 3621; DX 3630.) Aweida of STC explained that the
3850 |

"consists primarily of two subsystems. One is storage

facility, which is based on magnetic recording on strips

of tape and [the second is] a disk subsystem. So the

mass storage combined some of the benefits of tape and

the benefits of disk together." (Aweida, Tr. 49711l.)
According to Aweida, "the main benefit of having a mass storage or
3850 is the ability to have available ﬁnder computer control a
large amount of information". (Tr. 49711-12.) The information is
"staged"--i.e., it is taken from the magnetic strips within the
3850's cartridges to a disk subsystem and then from the disks to
the CPU. (EQL) In this way, vast amounts of information can be
stored and retrieved under the control of the computer within
seconds (Aweida, Tr. 49711-13), without the need for anyone to
select, mount and unmount reels of tape. |

The advantages of the 3850 can be significant. For

example, Welch of Chemical Bank testified that use of the 3850
"will allow us to reduce our library of 27,000 tapes, we believe,
to approximately 5,000". (Welch, Tr. 75254.) Similarly, McGrew
of Union Carbide testified that his organization was considering
acquiring IBM's mass storage system largely because it would be
possible to put onto that system "all of the data" being stored on
40,000 magnetic tapes in one of the company's computer centers.
(Tr. 77430-31.)

Within a year after IBM's announcement of the 3850, CDC

announced its 38500 equivalent to IBM's 3850 mass storage unit,

-1062-




W 00 N O O = WD -

RNNHHHHHHHD—‘HH
_ O W 00 N OO0 & WL N = O

23
24
25

capable of storing up to 16 billion bytes. (PX 4762, p. 211l.)

CDC marketed the 38500 to users of IBM System/370 computer systems,

on an OEM basis to other systems manufacturers, and for use with
its own computer systems. (PX 4762, pp. 193-214.) As described
by Case, the CDC machine "is different than the IBM machine in
that it does not use the rotating head diagonal stripe recording
mechanism . . . [and] it does not automatically transfer the
information from the magnetic tape to a magnetic disk before

it's used by the central processing unit, and then automatically

take it back from the magnetic disk to the magnetic tape for the

benefits of low cost storage after its use". (Tr. 72847.)
Other competitors also offered "mass storage" devices to
replace IBM's 3850 or other IBM tape and disk subsystem products. -
For example:
(1) In October 1973, STC announced its 8000 Series
"Super Disks", with a capacity of 800 million bytes of
information per module. (Aweida, Tr. 49342-45; PX 4701, pp.
5, 29, 31; PX 4702, p. 1l2.) STC marketed the "Super Disk" in
"combination" with its high performance tape subsystems as an
alternative to IBM 3850 and other mass storage devices.
(Aweida, Tr. 49698.)
(ii) In 1974, CalComp began.yarketing an "Automated Tape
Library" after acquiring the Xytex Corporation, the company
that developed the device. The "Automated Tape Library"”

permitted the automatic mounting and dismounting of magnetic
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tape reels on as many as 32 tape drives under the control of
a host computer. The library could store up to 7000 reels of
tape. (Aweida, Tr. 49695-97; PX 5585, pp. 5, 22-23; PX 5586,
pp. 6, 12-13; PX 5587, pp. 7, 12; see also DX 11270.)

(iii) Much later,.in June 1979, the trade press reported
that a joint venture of Japanese firms had introduced a mass
storage system "designed to replace the IBM 3850". (DX 14361.)
As reported, that system consisted of a mass storage device,

a disk control device and a disk drive. (Id.)

-1064-




W 0 d o0 0 B W N

N [N I S T )N T R e T o N Y T T o Y R
m'ﬁﬁmr—-owm\:mmpwmwo

VII. EXPANSION AND ENTRY OF COMPETITORS

65. Introduction. IBM's continuing improvements in its

System/370 line in 1972, 1973 and 1974 added competitive challenges
to other suppliers in the computer industry. Existing competitors,
however, were quick to announce new, better price/performance prod-
ucts and services of their own. And those suppliers, together with
an influx of new companies, were also offering computer customers
increasingly attractive new alteénatives for doing their data pro-
cessing work. As will be discussed below, the computer industry in
the middle and late 1970s was characterized by a profusion of these
newer alternative products and services from new and old suppliers,
including:

(i) 